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A B S T R A C T

Background

The use of clinical signs, or end-tidal anaesthetic gas (ETAG), may not be reliable in measuring the hypnotic component of anaesthesia and
may lead to either overdosage or underdosage resulting in adverse eIects because of too deep or too light anaesthesia. Intraoperative
awareness, whilst uncommon, may lead to serious psychological disturbance, and alternative methods to monitor the depth of anaesthesia
may reduce the incidence of serious events. Bispectral index (BIS) is a numerical scale based on electrical activity in the brain. Using a BIS
monitor to guide the dose of anaesthetic may have advantages over clinical signs or ETAG. This is an update of a review last published
in 2014.

Objectives

To assess the eIectiveness of BIS to reduce the risk of intraoperative awareness and early recovery times from general anaesthesia in
adults undergoing surgery.

Search methods

We searched CENTRAL, MEDLINE, Embase, and Web of Science on 26 March 2019. We searched clinical trial registers and grey literature,
and handsearched reference lists of included studies and related reviews.

Selection criteria

We included randomized controlled trials (RCTs) and quasi-RCTs in which BIS was used to guide anaesthesia compared with standard
practice which was either clinical signs or end-tidal anaesthetic gas (ETAG) to guide the anaesthetic dose. We included adult participants
undergoing any type of surgery under general anaesthesia regardless of whether included participants had a high risk of intraoperative
awareness. We included only studies in which investigators aimed to evaluate the eIectiveness of BIS for its role in monitoring
intraoperative depth of anaesthesia or potential improvements in early recovery times from anaesthesia.

Data collection and analysis

Two review authors independently assessed studies for inclusion, extracted data, and assessed risk of bias. We assessed the certainty of
evidence with GRADE.

Main results

We included 52 studies with 41,331 participants; two studies were quasi-randomized and the remaining studies were RCTs. All studies
included participants undergoing surgery under general anaesthesia. Three studies recruited only participants who were at high risk of
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intraoperative awareness, whilst two studies specifically recruited an unselected participant group. We analysed the data according to two
comparison groups: BIS versus clinical signs; and BIS versus ETAG. Forty-eight studies used clinical signs as a comparison method, which
included titration of anaesthesia according to criteria such as blood pressure or heart rate and, six studies used ETAG to guide anaesthesia.
Whilst BIS target values diIered between studies, all were within a range of values between 40 to 60.

BIS versus clinical signs

We found low-certainty evidence that BIS-guided anaesthesia may reduce the risk of intraoperative awareness in a surgical population

that were unselected or at high risk of awareness (Peto odds ratio (OR) 0.36, 95% CI 0.21 to 0.60; I2 = 61%; 27 studies; 9765 participants).
However, events were rare with only five of 27 studies with reported incidences; we found that incidences of intraoperative awareness
when BIS was used were three per 1000 (95% CI 2 to 6 per 1000) compared to nine per 1000 when anaesthesia was guided by clinical signs.
Of the five studies with event data, one included participants at high risk of awareness and one included unselected participants, four used
a structured questionnaire for assessment, and two used an adjudication process to identify confirmed or definite awareness.

Early recovery times were also improved when BIS was used. We found low-certainty evidence that BIS may reduce the time to eye opening
by mean diIerence (MD) 1.78 minutes (95% CI -2.53 to -1.03 minutes; 22 studies; 1494 participants), the time to orientation by MD 3.18
minutes (95% CI -4.03 to -2.33 minutes; 6 studies; 273 participants), and the time to discharge from the postanaesthesia care unit (PACU)
by MD 6.86 minutes (95% CI -11.72 to -2 minutes; 13 studies; 930 participants).

BIS versus ETAG

Again, events of intraoperative awareness were extremely rare, and we found no evidence of a diIerence in incidences of intraoperative
awareness according to whether anaesthesia was guided by BIS or by ETAG in a surgical population at unselected or at high risk of

awareness (Peto OR 1.13, 95% CI 0.56 to 2.26; I2 = 37%; 5 studies; 26,572 participants; low-certainty evidence). Incidences of intraoperative
awareness were one per 1000 in both groups. Only three of five studies reported events, two included participants at high risk of awareness
and one included unselected participants, all used a structured questionnaire for assessment and an adjudication process to identify
confirmed or definite awareness.

One large study (15,452 participants) reported a reduced time to discharge from the PACU by a median of three minutes less, and we judged
the certainty of this evidence to be low. No studies measured or reported the time to eye opening and the time to orientation.

Certainty of the evidence

We used GRADE to downgrade the evidence for all outcomes to low certainty. The incidence of intraoperative awareness is so infrequent
such that, despite the inclusion of some large multi-centre studies in analyses, we believed that the eIect estimates were imprecise. In
addition, analyses included studies that we judged to have limitations owing to some assessments of high or unclear bias and in all studies,
it was not possible to blind anaesthetists to the diIerent methods of monitoring depth of anaesthesia.

Studies oNen did not report a clear definition of intraoperative awareness. Time points of measurement diIered, and methods used to
identify intraoperative awareness also diIered and we expected that some assessment tools were more comprehensive than others.

Authors' conclusions

Intraoperative awareness is infrequent and, despite identifying a large number of eligible studies, evidence for the eIectiveness of using
BIS to guide anaesthetic depth is imprecise. We found that BIS-guided anaesthesia compared to clinical signs may reduce the risk of
intraoperative awareness and improve early recovery times in people undergoing surgery under general anaesthesia but we found no
evidence of a diIerence between BIS-guided anaesthesia and ETAG-guided anaesthesia. We found six studies awaiting classification and
two ongoing studies; inclusion of these studies in future updates may increase the certainty of the evidence.

P L A I N   L A N G U A G E   S U M M A R Y

Bispectral index (BIS) for improving intraoperative awareness and early postoperative recovery in adults

Background

During surgery under general anaesthesia, the anaesthetist will adjust the amount of anaesthetic drugs to ensure that the patient remains
unconscious. This adjustment is made according to clinical signs, such as the patient's heart rate or blood pressure, or end-tidal anaesthetic
gas (ETAG) for anaesthesia that is given as a gas, which is a measure of the amount of remaining gas aNer the patient breathes out. However,
using these methods alone may increase the chance that the patient is given too little or too much anaesthetic. Intraoperative awareness,
a distressing event in which a patient may become conscious enough to recall events during surgery, is very rare and may be caused by too
little anaesthetic. Too much anaesthetic may lead to a longer time needed to reach full recovery. Bispectral index (BIS) is a measurement
scale based on the electrical activity in the brain, and by using a monitor of brain activity during anaesthesia, the anaesthetist may use this
scale to inform the amount of anaesthesia to give to the patient.

This is an update of a review which was previously published in 2014.
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Study characteristics

The evidence is current to 26 March 2019. We found 52 studies with 41,331 participants. Six studies are awaiting classification (because
we did not have suIicient information to assess them), and two studies are ongoing. All studies included people having surgery under
general anaesthesia. Three studies included only people who were at high risk of intraoperative awareness, and two studies included only
people who were not selected according to high risk of intraoperative awareness. Forty-eight studies compared BIS-guided anaesthesia
with anaesthesia guided by clinical signs, and six studies compared BIS-guided anaesthesia with ETAG-guided anaesthesia.

Key results

We found low-certainty evidence that BIS-guided anaesthesia may reduce the risk of intraoperative awareness. However, events were
rare and only five of 27 studies reported incidences. When BIS-guided anaesthesia was used, we found three per 1000 fewer incidences of
intraoperative awareness compared to nine per 1000 incidences when anaesthesia was guided by clinical signs. In addition, we found low-
certainty evidence that BIS may improve recovery - the time for people to open their eyes was less, as was the time for orientation, and
the time to be discharged from the post-anaesthesia care unit.

We found no evidence of a diIerence in incidences of intraoperative awareness according to whether anaesthesia was guided by BIS or by
ETAG, although, again, there were few incidences of awareness (1 per 1000 in each group). Only one study that compared BIS with ETAG-
guided anaesthesia measured recovery times; this low-certainty evidence showed that discharge from the postanaesthesia care unit was
earlier if anaesthesia was BIS-guided. No studies that compared BIS with ETAG-guided anaesthesia measured the time to eye opening or
the time to orientation.

Certainty of the evidence

We used GRADE to downgrade the evidence for all outcomes to low certainty. The incidence of intraoperative awareness is so rare and,
even though we found some large studies, we concluded that the evidence was still imprecise. In addition, we judged many studies to have
limitations because of high or unclear risks of bias. For example, all of the anaesthetists were aware of using an additional BIS monitor and
we could not be certain how this aIected the anaesthetists' standard practice.

In addition, we noted that some studies did not report a clear definition of intraoperative awareness. Time points of measurement
diIered, and the methods used to identify intraoperative awareness also diIered and we expected that some assessment tools were more
comprehensive than others.

Conclusion

Intraoperative awareness is rare, and despite finding a large number of eligible studies, evidence for the eIectiveness of using BIS to
guide anaesthetic depth is imprecise. We found low-certainty evidence that BIS-guided anaesthesia compared to anaesthesia guided by
clinical signs may reduce the risk of intraoperative awareness and improve early recovery times in people having surgery under general
anaesthesia. We found no evidence of a diIerence between BIS-guided anaesthesia and ETAG-guided anaesthesia, and we also judged
this evidence to be low certainty.

Bispectral index for improving intraoperative awareness and early postoperative recovery in adults (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Bispectral index compared to clinical signs for improving intraoperative awareness and early postoperative recovery

BIS compared to clinical signs for intraoperative awareness and early postoperative recovery

Population: adults undergoing any type of surgery under general anaesthesia; types of anaesthesia included propofol, desflurane, isoflurane, and sevoflurane; people were
either selected for being at high risk of intraoperative awareness, were unselected, or study authors did not report risk of awareness in the included participants 
Setting: hospitals in: Australia; Bangladesh; Belgium; Canada; China; Croatia; Egypt; Finland; Germany; Greece; India; Iran; Israel; Japan; Saudi Arabia; South Korea; Spain;
Sweden; Switzerland; Turkey; USA
Intervention: BIS-guided anaesthesia, with target values between 40 and 60
Comparison: anaesthesia guided by clinical sides

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with clini-
cal sides

Risk with BIS

Relative effect
(95% CI)

Number of par-
ticipants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationOccurrence of intraoperative
awareness

Time points of measure after
surgery: 2 to 6 hours;12 hours; 1
day; 2 days; 3 days; 14 days; 30
days; or time point was not re-
ported

Measurement tools: simple
questioning; interviews; or
structured questionnaires

9 per 1,000 3 per 1,000
(2 to 6)

Peto OR 0.36
(0.21 to 0.60)

9765
(27 studies)

⊕⊕⊝⊝

Low a
Only 5 of 27 studies included inci-
dences of awareness.

Of these 5 studies: 4 used a struc-
tured questionnaire, and 1 used an
interview method; 2 used an adju-
dication process to categorise inci-
dences of awareness as 'confirmed'
or 'definite'; participants in 1 study
were at high risk of awareness, in 1
study were unselected, and in the re-
maining studies risk of awareness
was not specified

Time to eye opening

(in minutes)

- MD 1.78 minutes
lower
(2.53 minutes low-
er to 1.03 minutes
lower)

- 1494
(22 studies)

⊕⊕⊝⊝

Lowb

 

Time to orientation

(in minutes)

- MD 3.18 lower
(4.03 lower to 2.33
lower)

- 273
(6 studies)

⊕⊕⊝⊝

Lowc

 

Time to discharge from the
PACU

- MD 6.86 lower - 930
(13 studies)

⊕⊕⊝⊝

Lowb
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(in minutes) (11.72 lower to 2.00
lower)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BIS: bispectral index; CI: confidence interval; MD: mean difference; OR: odds ratio; PACU: postanaesthesia care unit

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate. The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited. The true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate.The true effect is likely to be substantially different from the estimate of effect

aWe downgraded by one level for study limitations owing to the inclusion of some studies with unclear risks of bias, and in all studies it was not possible to blind anaesthetists
to the diIerent methods of depth of anaesthesia monitoring leading to a high risk of performance bias throughout. We downgraded by one level for imprecision; whilst we noted
a narrow CI, the eIect was dominated by two large trials (with two diIerent populations selected according to the likelihood of intraoperative awareness) and we found many
studies with zero events in both arms. We conducted sensitivity analysis to explore alternative statistical models to account for zero events in both arms as well as rare events
and found more conservative estimates when we used a random-eIects model, thus reducing our certainty in the estimate.
bWe downgraded by one level for inconsistency owing to the substantial statistical heterogeneity in this eIect, and by one level for study limitations owing to the inclusion of
some studies with unclear risks of bias, and in all studies it was not possible to blind anaesthetists to the diIerent methods of depth of anaesthesia monitoring leading to a high
risk of performance bias throughout.
cWe downgraded by one level for imprecision as the evidence was from few studies with few participants, and by one level for study limitation owing to the inclusion of some
studies with unclear risks of bias, and in all studies it was not possible to blind anaesthetists to the diIerent methods of depth of anaesthesia monitoring leading to a high risk
of performance bias throughout.
 
 

Summary of findings 2.   BIS compared to ETAG for improving intraoperative awareness and early postoperative recovery

BIS compared to ETAG for improving intraoperative awareness and early postoperative recovery

Population: adults undergoing any type of surgery under general anaesthesia; types of anaesthesia included propofol, desflurane, isoflurane, and sevoflurane; people were
either selected for being at high risk of intraoperative awareness, were unselected, or study authors did not report risk of awareness in the included participants
Setting: hospitals in: Canada; India; Sweden; and USA
Intervention: BIS-guided anaesthesia, with target values between 40 and 60
Comparison: ETAG-guided anaesthesia

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with ETAG Risk with BIS

Relative effect
(95% CI)

Number of par-
ticipants
(studies)

Certainty of
the evidence
(GRADE)

Comments
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Study populationOccurrence of intraopera-
tive awareness

Time points of measure af-
ter surgery: 24 hours; 24 to 72
hours; 72 hours; 30 days; 18
hours after extubation in the
ICU

Measurement tools: struc-
tured interviews; or struc-
tured questionnaire

1 per 1,000 1 per 1,000
(1 to 3)

Peto OR 1.13
(0.56 to 2.26)

26,572
(5 studies)

⊕⊕⊝⊝

Low a
Only 3 of these studies included inci-
dences of awareness.

Of these 3 studies: all used a structured
questionnaire; all used an adjudication
process to categorise incidences of aware-
ness as 'definite'; 2 studies included on-
ly participants who were at high risk for
intraoperative awareness, and 1 study in-
cluded participants who were unselected

Time to eye opening - - -   - We found no studies that measured or re-
ported this outcome

Time to orientation -   -   - We found no studies that measured or re-
ported this outcome

Time to discharge from the
PACU

(in minutes)

Median (IQR):
98 minutes (66
to 140 minutes)

Median (IQR) 3
minutes lower
(2 minutes low-
er to 2 minutes
lower)

- 15,452

(1 study)

⊕⊕⊝⊝

Low b
 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BIS: bispectral index; CI: confidence interval; ETAG: end-tidal anaesthetic gas; ICU: intensive care unit; IQR: interquartile range; OR: odds ratio; PACU: postanaesthesia care
unit

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate. The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited. The true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate. The true effect is likely to be substantially different from the estimate of effect

aWe downgraded by one level for imprecision; despite a large number of participants, events were very rare (one per 1000 in the intervention and the comparison group) and the
confidence interval for this eIect was wide. In addition, we downgraded by one level for study limitations owing to the inclusion of some studies with unclear and high risks of
bias, and in all studies it was not possible to blind anaesthetists to the diIerent methods of depth of anaesthesia monitoring leading to a high risk of performance bias throughout.
bWe downgraded by two levels for imprecision because the evidence was from one study in which the IQR of time spent in the PACU was wide in both groups.
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B A C K G R O U N D

Description of the condition

The practice of anaesthesia is based on the concept of components
of anaesthesia resulting from separate pharmacological
actions of multiple agent administration (Kissin 1997). Many
anaesthesiologists rely on somatic signs (motor responses,
changes in respiratory pattern) and autonomic signs (tachycardia
(abnormally rapid heart rate), hypertension (abnormally high blood
pressure), lacrimation (flow of tears), sweating) to guide the
dosages of anaesthetic agents in order to achieve the basic goals
of anaesthetic management; that is unconsciousness (hypnotic
eIects), blockade of somatic motor responses, and suppression
of autonomic responses to noxious stimulation. However, these
clinical signs are not reliable measures of the conscious state of
anaesthetized patients (Mahla 1997). The use of these clinical signs
in judging the dosages of anaesthetic agents can lead to either
overdosage or underdosage, which can result in adverse eIects
due to too deep or too light anaesthesia. Furthermore, there has
been much concern regarding intraoperative awareness, which
is an uncommon phenomenon occurring in about 0.1% to 0.2%
of the general surgical population (Sebel 2004), but which can
lead to a serious psychological disturbance called post-traumatic
stress disorder (PTSD), resulting in major depression and suicide.
The incidence may approach 1% in surgical patients at high risk
for intraoperative awareness such as patients with poor cardiac
reserve, or undergoing cardiac surgery or caesarean section, where
doses of anaesthetics have to be reduced to a light level of
anaesthesia (Mashour 2012; Myles 2004). From a review of reported
cases of intraoperative awareness, too light anaesthesia could
account for 87% of the cases (Ghoneim 2009). Hence, strategies to
provide optimal anaesthesia depth are required to avoid too light
anaesthesia.

Description of the intervention

The bispectral index (BIS) is a dimensionless numerical scale for
measuring brain electrical activity. It is derived from cerebral
electrical activity (an electroencephalogram (EEG)) captured from
the scalp surface at the forehead to reflect the sedative and
hypnotic components of anaesthesia (Rampil 1998; Schneider
2010). Its value is a number within a range between 0 to 100,
where 0 represents 'no detectable brain electrical activity' and 100
represents 'awake state'.

How the intervention might work

BIS has been recommended to guide doses of anaesthetics to
achieve optimal depth of anaesthesia in individual patients. This
is in order to avoid unnecessarily deep or too light anaesthesia
due to overdosage or underdosage of the hypnotic medications
during maintenance and recovery from anaesthesia (Schneider
2010; Sebel 2001). The recommended range of BIS is between 40
to 60 during maintenance of anaesthesia (Avidan 2011; Myles 2004)
and 55 to 70 at 15 minutes prior to the end of surgery (Gan 1997).

Why it is important to do this review

Several studies have been conducted to assess the eIect of BIS
monitoring on the utilization of currently available anaesthetic
agents, such as propofol, desflurane and sevoflurane (Gan 1997;
Johansen 1998; Nelskyla 2001; Song 1997). A survey was conducted
among anaesthesiologists regarding the routine use of BIS

monitoring in anaesthesia (Johansen 1998). Although the majority
of the respondents found that the monitor was easy to use, and
it provided useful information, their comments revealed some
ambivalence towards hypnotic titration using a BIS monitor. Most
respondents felt that no changes occurred in their individual drug
usage. Some respondents who reported a change in their practice
felt that the hypnotic medication use might decrease, while
analgesic and haemodynamic control agent use might increase.
A previous study by Song and colleagues (Song 1997) reported
increased use of mivacurium in the BIS-targeted group. Badrinath
1999 reported an increase in the use of intraoperative opioids in the
BIS-guided group. The increased use of either a muscle relaxant or
an opioid analgesic might relate to the ability to maintain 'lighter'
planes of anaesthesia with BIS, to avoid movement and increased
blood pressure or heart rate during the operation.

Since 1977, several articles and abstracts regarding the utility of
BIS have been published by numerous medical researchers and
academic institutions. It has been suggested that close titration
of anaesthetic eIect with the BIS monitor may improve some
measures of patient outcomes and operating suite eIiciency.
However, the results are still contradictory across studies. Many
studies (Anez 2001; Boztuğ 2006; Gan 1997; Kreuer 2003; Muralidhar
2008; Tufano 2000) have reported a significant improvement in
anaesthetics delivery in terms of reduced anaesthetic consumption
or requirements and improved recovery profiles, but some studies
(Bruhn 2005; Kreuer 2005; Luginbuhl 2003; Zohar 2006) have failed
to demonstrate these eIects.

Nowadays, the impact of BIS monitoring on the incidence of
intraoperative awareness is a matter of interest in anaesthesia
practice. The optimisation of the depth of anaesthesia may avoid
too light anaesthesia which may result in intraoperative awareness.
However, because of the low incidence of intraoperative awareness
in an unselected surgical population undergoing surgeries with
low risk of intraoperative awareness, an extremely large number
of patients would be needed to determine the eIects of BIS on
awareness ( Mashour 2012; O'Connor 2001 ). Questions regarding
the utility of BIS, particularly to assess whether it is beneficial in
reducing incidences of intraoperative awareness and improving
early postoperative recovery are important in the clinical practice
of anaesthesia. Additional studies have been published since the
last update of this Cochrane Review ( Punjasawadwong 2014), and
therefore this review includes the most up-to-date evidence for the
eIectiveness of BIS.

O B J E C T I V E S

To assess the eIectiveness of bispectral index (BIS) to reduce the
risk of intraoperative awareness and early recovery times from
general anaesthesia in adults undergoing surgery.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included all randomized controlled trials (RCTs) or quasi-
randomized trials comparing the use of the bispectral index (BIS)
with either clinical signs or end-tidal anaesthetic gas (ETAG) as the
standard practice in the titration of anaesthetic agents, regardless
of the language of publication of the articles.
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We did not include studies with publications that were retracted
from journals. And we excluded articles that were only available as
abstracts if they were published early than 2005.

Types of participants

We included men and women over 18 years of age undergoing
any type of surgery under general anaesthesia. We included
participants who were selected because they were at high risk of
intraoperative awareness (using any criteria specified by the study
authors), and participants who were unselected, or for whom the
study investigators did not specify risk of awareness.

Types of interventions

We included studies with at least two arms, which used BIS to guide
the dose of an intravenous anaesthetic, a hypnotic, or a volatile
anaesthetic and compared it with standard practice, which was
either clinical signs or ETAG to guide the anaesthetic dose.

Therefore, the review included the following two comparison
groups.

• BIS-guided anaesthesia versus clinical signs-guided
anaesthesia.

• BIS-guided anaesthesia versus ETAG-guided anaesthesia

We included only studies in which investigators aimed to evaluate
the eIectiveness of BIS for its role in monitoring intraoperative
depth of anaesthesia or potential improvements in early recovery
times from anaesthesia.

Types of outcome measures

We included fewer outcomes in the updated review (see DiIerences
between protocol and review). For the primary outcome, we
included any events (or lack of events) which were described
using the term 'intraoperative awareness', regardless of the time
of measure, whether formal collection tools were used or whether
reported events were subject to an adjudication process.

in the event that study authors diIerentiated data for
intraoperative awareness as definite or confirmed awareness and
possible awareness, we included only data in the analysis that were
defined as confirmed or definite awareness.

Primary outcomes

• Occurrence of intraoperative awareness

Secondary outcomes

• Time to eye opening

• Time to orientation

• Time to discharge from the postanaesthesia care unit (PACU)

Search methods for identification of studies

Electronic searches

We identified RCTs through literature searching with systematic
and sensitive search strategies as outlined in Chapter 6 of
the Cochrane Handbook of Systematic Reviews of Interventions

(Lefebvre 2011). We applied no restrictions to language or
publication status. We sourced the following databases for relevant
trials:

• Cochrane Central Register of Controlled Trials (CENTRAL; 2019;
Issue 3)

• MEDLINE (Ovid SP: 1946 to 26 March 2019)

• Embase (Ovid SP; 1974 to 26 March 2019)

• Web of Science (SCI-EXPANDED; 1900 to 26 March 2019)

We developed a subject-specific search strategy in MEDLINE and
other listed databases. The search strategy was developed in
consultation with the Information Specialist for the Cochrane
Anaesthesia Review Group. Search strategies can be found in:
Appendix 1; Appendix 2; Appendix 3; Appendix 4.

We searched the following clinical trial registers for ongoing and
unpublished trials.

• World Health Organization International Clinical Trials Registry
Platform (www.who.int/ictrp/en/; on 20 June 2019)

• ClinicalTrials/gov (www.clinicaltrials.gov; on 7 June 2019)

Searching other resources

We carried out citation searching of identified included studies
published since 2013 in Web of Science on 10 June 2019
(apps.webofknowledge.com). We conducted a search of grey
literature using Opengrey on 20 June 2019 (www.opengrey.eu/). In
addition, we scanned reference lists of relevant systematic reviews
which were published since 2010.

Data collection and analysis

Two review authors (SL, and MP or LF) independently selected
studies and extracted data from new included studies. We
compared decisions at each stage. In cases of disagreement, we
reassessed the respective studies to reach consensus.

Selection of studies

We used reference management soNware to collate the results of
searches and to remove duplicates (Endnote). We used Covidence
soNware to screen results of the search of titles and abstracts and
identify potentially relevant studies (Covidence 2019). We sourced
the full texts of all potentially relevant studies and considered
whether they met the inclusion criteria (see Criteria for considering
studies for this review). We reviewed abstracts at this stage and
included these in the review only if they provided suIicient
information and relevant results that included denominator figures
for the intervention and control groups. Because of changes made
to the review inclusion criteria (see DiIerences between protocol
and review), we re-evaluated all studies previously included in the
review.

We recorded the number of papers retrieved at each stage and
reported this information using a PRISMA flow chart (Figure 1). We
did not report details of all studies excluded during the evaluation
of full-text articles; we reported in the review brief details of only
closely related but excluded articles.
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Figure 1.   Study flow diagram. Search conducted in March 2019.

 
Data extraction and management

We used a data extraction form to collect information and
outcome data from studies (Appendix 5). We collected the following
information.

• Methods: type of study design, setting; dates of study; funding
sources and study author declarations of interest.

• Participants: number randomized to each group; number of
losses; number analysed in each group; baseline characteristics
(age, gender, American Society of Anesthesiologists (ASA)
physical status or other measure of health status; body mass

Bispectral index for improving intraoperative awareness and early postoperative recovery in adults (Review)
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index (BMI); weight; height; type of surgery; and duration of
anaesthesia).

• Intervention: details of BIS target values; details of control
group; anaesthetic agents; experience of anaesthetist.

• Outcomes: data for all reported review outcomes to include
study author definitions, measurement tools and time points.

We considered the applicability of information from individual
studies and generalizability of the data to our intended study
population.

In multi-arm studies, we did not collect data on any groups that
were not eligible for inclusion in the review.

Assessment of risk of bias in included studies

We assessed study quality, study limitations, and the extent of
potential bias using the Cochrane 'Risk of bias' tool (Higgins 2011).
We considered the following domains.

• Sequence generation (selection bias).

• Allocation concealment (selection bias).

• Blinding of participants, personnel, and outcomes assessors
(performance and detection bias).

• Incomplete outcome data (attrition bias).

• Selective outcome reporting (reporting bias).

• Other risks of bias.

For each domain, two review authors (SL, and MP or LF) judged
whether study authors made suIicient attempts to minimize bias
in their study design. We made judgements using three measures
- high, low, or unclear risk of bias. We recorded this in 'Risk of
bias' tables and presented summary 'Risk of bias' figures (Figure 2;
Figure 3).

 

Figure 2.   Methodological quality graph: review authors' judgements about each methodological quality item
presented as percentages across all included studies.

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias): All outcomes
Blinding of outcome assessment (detection bias): All outcomes

Incomplete outcome data (attrition bias): All outcomes
Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

Low risk of bias Unclear risk of bias High risk of bias
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Figure 3.   Methodological quality summary: review authors' judgements about each methodological quality item
for each included study. Blank spaces indicate that we did not conduct 'Risk of bias' assessments because studies
did not report review outcomes.
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Ahmad 2003
Alimian 2016 ? ? - ? + ? +

Anez 2001 - - - ? + ? +
Arbabpour 2015 ? ? - ? ? ? ?

Assare 2002 ? ? - ? + ? +
Avidan 2008 + ? - + + ? ?
Avidan 2011 + + - + + ? +

Başar 2003 ? ? - ? + ? +
Boztuğ 2006 + ? - ? + ? +

Bresil 2013
Bruhn 2005 + ? - + + ? +

Ellerkmann 2010 + ? - ? + ? +
Fakhr 2014 + ? - + ? ? +

Gan 1997 + + - + - ? +
Georgakis 2000 ? ? - ? + ? ?

Guo 2015 + ? - ? + ? +
Ibraheim 2008 ? ? - ? + ? +

Jain 2016
Kabukcu 2012 + ? - ? + ? ?

Kamal 2009 ? ? - ? + ? +
Kamali 2017a ? ? - + + ? ?

Karaca 2014 ? ? - ? + ? +
Khoshrang 2016 + ? - + + ? +
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Figure 3.   (Continued)

Karaca 2014 ? ? - ? + ? +
Khoshrang 2016 + ? - + + ? +

Kim 2003 ? ? - ? + ? ?
Kreuer 2003 + ? - + + ? +
Kreuer 2005 + ? - + + ? +

Luginbuhl 2003 + ? - + + ? +
Mashour 2012 + ? - + - + +
Masuda 2002 ? ? - ? + ? ?

Morimoto 2002 ? ? - ? - ? ?
Mozafari 2014 + ? - ? + ? +

Muralidhar 2008 ? ? - ? + ? +
Myles 2004 + + - + + ? +

Nelskyla 2001 ? ? - ? + ? +
Paventi 2001 ? ? - + + ? +

Payas 2013
Persec 2012 + ? - ? + ? ?

Puri 2003 + ? - ? + ? +
Rahul 2015 ? ? - ? + ? ?

Raksakietisak 2016
Recart 2003 ? ? - + + ? +

Savli 2005 ? ? - ? + ? ?
Shafiq 2012 - - - ? + ? +

Siampalioti 2015 + ? - + + ? +
Song 1997 + ? - ? + ? +

Sudhakaran 2018 + ? - ? + ? +
Tufano 2000 ? ? - ? + ? ?
White 2004 ? ? - + + ? +
Wong 2002 + ? - + + ? +
Zhang 2011 - ? - + - ? +
Zhang 2016 ? ? - ? + ? +
Zohar 2006 ? ? - + + ? +

 
Measures of treatment e9ect

We collected dichotomous data for intraoperative awareness. We
collected continuous data for recovery outcomes, which were time
to eye opening, time to orientation, and time to discharge from the
postanaesthesia care unit (PACU).

We reported dichotomous data as Peto odds ratios (OR) to compare
groups and continuous data as a mean diIerence (MD). We reported
95% confidence intervals (CIs).

Unit of analysis issues

The review included multi-arm studies, in which more than one
type of anaesthesia was included as separate study groups, or in
which comparison groups included a clinical signs group and an
ETAG-guided group.

For multi-arm studies that included study groups with diIerent
types of anaesthesia, we combined data for these groups for
dichotomous data (occurrence of intraoperative awareness), and
we selected the anaesthetic group which had the most conservative
result for continuous data (recovery times). In subgroup analysis,
we included each group separately according to type of anaesthetic
agent.

We reported data separately for diIerent comparison groups, and
therefore there was no unit of analysis considerations for multi-arm
studies that included study groups with clinical signs and ETAG-
guided anaesthesia.

Dealing with missing data

We did not re-include missing data by using imputation methods;
we used the number of analysed participants as reported by study
authors. In the previous version of the review (Punjasawadwong
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2014), we contacted study authors to obtain missing data; owing
to time limitations in the preparation of this update, we did not
contact study authors in the case of missing data.

We did not recalculate the standard deviations (SDs) for studies
reporting continuous outcomes as medians with ranges or
interquartile ranges (IQR). In this update, we reported data with
median values in the notes section of the relevant table in
Characteristics of included studies.

Assessment of heterogeneity

We assessed whether evidence of inconsistency was apparent
in our results by considering heterogeneity. We assessed clinical
and methodological heterogeneity by comparing similarities
in our included studies between study designs, participants,
interventions, and outcomes, and used the data collected from
the full-text reports (as stated in Data collection and analysis).
We explored clinical and methodological heterogeneity through
subgroup analysis. We assessed statistical heterogeneity by
calculating the Chi2 test or the I2 statistic and judged any
heterogeneity above an I2 value of 50% and a Chi2 P value less
than or equal to 0.05 to indicate moderate to substantial statistical
heterogeneity (Higgins 2011).

In addition to looking at statistical results, we considered point
estimates and overlap of CIs. If CIs overlap, then results are
more consistent. However, combined studies may show a large
consistent eIect but with significant heterogeneity. Therefore, we
planned to interpret heterogeneity with caution (Guyatt 2011a).

Assessment of reporting biases

We attempted to source the published protocols for each of our
included studies by using the results from our clinical trial register
searches. We compared published protocols with published study
results to assess the risk of selective reporting bias. In addition, we
appraised reporting bias through visual assessment of funnel plots
for outcomes for which we found more than 10 studies (Egger 1997).
We only included figures of funnel plots in the review in which we
identified possible reporting bias from visual inspection.

Data synthesis

We presented a statistical summary of treatment eIects in the
absence of significant clinical or methodological heterogeneity. We
used the statistical calculator in ReMan 5 to perform meta-analysis
(Review Manager 14).

For the occurrence of intraoperative awareness, we used the Peto
method to pool ORs across studies; this method accounted for the
extremely rare events for this outcome. For continuous outcomes,
we calculated the mean diIerence (MD); we used a random-eIects
model to account for potential variability in types of surgeries
between studies (Borenstein 2010).

We calculated CIs at 95% and used a P value less than or equal
to 0.05 to judge whether a result was statistically significant. We
considered imprecision in the results of analyses by assessing the
CI around an eIects measure; a wide CI would suggest a higher level
of imprecision in our results. A small number of studies may also
reduce precision (Guyatt 2011b).

Subgroup analysis and investigation of heterogeneity

In subgroup analysis, we evaluated the type of anaesthetic agent
which was used in the maintenance of anaesthesia (propofol,
desflurane, isoflurane, sevoflurane). We conducted subgroup
analysis for outcomes in which we found more than 10 studies
(Higgins 2011).

Sensitivity analysis

We explored the potential eIect of decisions made as part of the
review process. In each sensitivity analysis, we compared the eIect
estimate with the main analysis. We reported these eIect estimates
only if they indicated a diIerence in interpretation of the eIect. We
performed the following sensitivity analyses.

• We excluded studies that we judged to have a high or unclear
risk of selection bias (for sequence generation).

• We excluded studies that we judged to have a high risk of
attrition bias because of a loss of more than 10% participants,
or loss which was unbalanced between groups, or which was
unexplained.

We found a large number of studies that reported intraoperative
awareness with zero events in both arms. We used the Peto OR
in the primary analysis of intraoperative awareness but made a
post-hoc decision to evaluate the eIect of these zero-event data
by using alternative statistical methods. In sensitivity analysis, we
used risk ratios (RR) with both a Mantel-Haenszel and Inverse
Variance method; we also evaluated these methods using a fixed-
eIect and a random-eIects model. We did not use a risk diIerence
method, because this method is unsuitable when events are rare
(Bradburn 2007).

'Summary of findings' table and GRADE

One review author (SL) used the GRADE system to assess the
certainty of the body of evidence associated with the following
outcomes (Guyatt 2008).

• Occurrence of intraoperative awareness

• Time to eye opening

• Time to orientation

• Time to discharge from the PACU

The GRADE approach appraises the certainty of a body of evidence
based on the extent to which we can be confident that an estimate
of eIect or association reflects the item being assessed. Evaluation
of the certainty of a body of evidence considers within-study risk
of bias, directness of the evidence, heterogeneity of the data,
precision of the eIect estimates, and risk of publication bias.

We constructed 'Summary of findings' tables using GRADE profiler
soNware for two comparisons (gradepro.org).

• BIS-guided anaesthesia versus clinical signs-guided anaesthesia

• BIS-guided anaesthesia versus ETAG-guided anaesthesia

Bispectral index for improving intraoperative awareness and early postoperative recovery in adults (Review)
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Summary of findings and assessment of the certainty of the
evidence

R E S U L T S

Description of studies

Results of the search

ANer the removal of duplicates from the search results, we screened
12,424 titles and abstracts, which included forward and backward
citation searches, clinical trials registers and grey literature. We
re-evaluated previously included studies alongside 103 articles
sourced as full-text reports and, therefore, assessed eligibility of
139 articles. See Figure 1.

Included studies

See Characteristics of included studies.

We included 52 studies with 41,331 participants (Ahmad 2003;
Alimian 2016; Anez 2001; Arbabpour 2015; Assare 2002; Avidan
2008; Avidan 2011; Başar 2003; Boztuğ 2006; Bresil 2013; Bruhn
2005; Ellerkmann 2010; Fakhr 2014; Gan 1997; Georgakis 2000; Guo
2015; Ibraheim 2008; Jain 2016; Kabukcu 2012; Kamal 2009; Kamali
2017a; Karaca 2014; Khoshrang 2016; Kim 2003; Kreuer 2003; Kreuer
2005; Luginbuhl 2003; Mashour 2012; Masuda 2002; Morimoto 2002;
Mozafari 2014; Muralidhar 2008; Myles 2004; Nelskyla 2001; Paventi
2001; Payas 2013; Persec 2012; Puri 2003; Rahul 2015; Raksakietisak
2016; Recart 2003; Savli 2005; Shafiq 2012; Siampalioti 2015; Song
1997; Sudhakaran 2018; Tufano 2000; White 2004; Wong 2002;
Zhang 2011; Zhang 2016; Zohar 2006). Two studies were quasi-
randomized (Anez 2001; Shafiq 2012); the remaining studies were
randomized controlled trials (RCTs). We included three studies for
which we could only source the abstract and this limited the details
of study characteristics that we were able to extract (Georgakis
2000; Kabukcu 2012; Raksakietisak 2016). We sourced the full text
of all the remaining studies. We did not seek translation of five
studies (Arbabpour 2015; Kim 2003; Masuda 2002; Morimoto 2002;
Savli 2005), and details of study characteristics and outcome data in
these studies were limited to data in the English abstract or tables
within the main text.

This review includes 22 new studies (Alimian 2016; Arbabpour
2015; Bresil 2013; Fakhr 2014; Georgakis 2000; Guo 2015; Jain
2016; Kabukcu 2012; Kamali 2017a; Karaca 2014; Khoshrang
2016; Kim 2003; Mozafari 2014; Payas 2013; Persec 2012; Rahul
2015; Raksakietisak 2016; Savli 2005; Shafiq 2012; Siampalioti
2015; Sudhakaran 2018; Zhang 2016). The remaining studies were
previously included in Punjasawadwong 2014.

Study population

All studies included participants undergoing surgery under
general anaesthesia. In one study, participants were undergoing
procedures using regional anaesthesia combined with general
anaesthesia (Ellerkmann 2010).

General anaesthesia was maintained by propofol, or by
sevoflurane, desflurane or isoflurane, and in one study, halothane
was used (Jain 2016). Only three studies used laryngeal masks
(LMA); these were during surgical procedures with a duration of less
than one hour (Anez 2001; Assare 2002; Zohar 2006).

Five studies included more than one comparison group according
to the type of anaesthetic agent (Luginbuhl 2003; Muralidhar 2008;
Siampalioti 2015; Song 1997; Tufano 2000). The type of anaesthetic
agents was at the discretion of the attending anaesthetists in four
studies (Avidan 2008; Avidan 2011; Mashour 2012; Myles 2004); in
Avidan 2008 and Avidan 2011 agents were only volatile. We were
uncertain of the type of anaesthetic agent in Arbabpour 2015.

Three studies recruited only participants who were at high risk
of intraoperative awareness (Avidan 2008; Avidan 2011; Myles
2004), whilst two studies specifically recruited an unselected
participant group (Mashour 2012; Zhang 2011). In general, we
found most studies did not report whether the population
group was at risk. However, in the findings of the 5th National
Audit Project (NAP5) on accidental awareness during general
anaesthesia (NAP5 2014), some factors may increase risk of
intraoperative awareness: female gender; age (younger adults);
obesity; seniority of anaesthetists (junior trainees); history of
accidental awareness; out of hours operating; emergencies; type
of surgery (obstetric, cardiac, thoracic, neurosurgery); and use
of neuromuscular blockade. We collected information on studies
that had at least one risk factor and reported this information in
Appendix 6. However, we did not think this information alone was
suIicient to categorise these studies as having participants at high
risk of awareness.

Study setting

All studies were conducted in a hospital setting and seven were
multi-centre studies (Avidan 2008; Avidan 2011; Bruhn 2005;
Mashour 2012; Myles 2004; Rahul 2015; Zhang 2011).

Interventions and comparisons

All studies included an intervention group in which a BIS monitor
was used to guide anaesthesia. In six studies, this was compared
with ETAG-guided anaesthesia (Avidan 2008; Avidan 2011; Jain
2016; Mashour 2012; Muralidhar 2008; Sudhakaran 2018); one
of these studies included comparisons with both ETAG-guided
anaesthesia, and anaesthesia guided by clinical signs (Sudhakaran
2018). One study described that the control group participants
had anaesthesia guided by both clinical signs and end-tidal
concentration in the form of minimum alveolar concentration;
(MAC) (Shafiq 2012); we categorised this study as belonging to our
first comparison group (BIS versus clinical signs). The remaining
studies included comparisons with only clinical signs. We could
not be certain of other monitoring methods used in the included
studies; our information was limited to the details reported in
published reports. Therefore, it is possible that some studies in
which anaesthesia was guided by clinical signs may also have
been guided by ETAG. Similarly, because it was not always clearly
reported, we could not be certain whether audible alarms were
used for ETAG-guided anaesthesia.

The large number of participants in this review was dominated by
five large studies; two of these studies compared BIS with clinical
signs and in total included 7772 participants (Myles 2004; Zhang
2011), and three studies compared BIS with ETAG and had 29,642
participants (Avidan 2008; Avidan 2011; Mashour 2012).

Most studies defined clinical signs as using parameters such as
heart rate or systolic blood pressure. One study used a standardised
scoring system (PRST: systolic blood pressure, heart rate, sweating
and tears) to evaluate depth of anaesthesia (Rahul 2015).
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BIS target values varied in each study but all were within a range of
40 to 60.

Only four studies reported the experience of the attending
anaesthetist, which was described as a quote: "experienced
anaesthesiologist" (Ellerkmann 2010), "supervised by a faculty
anaesthetist" (Gan 1997), greater than one year (Başar 2003), and
greater than five years (Wong 2002). The remaining studies did not
describe the experience of the attending anaesthetist.

Outcomes

Five studies did not report outcomes relevant to the review (Ahmad
2003; Bresil 2013; Jain 2016; Payas 2013; Raksakietisak 2016). The
remaining studies reported measured at least one of the review
outcomes.

For the measurement of intraoperative awareness, we noted
that studies did not report a clear definition of intraoperative
awareness. In addition, the time point of measurement varied
between studies and included one or more measurement taken
from as early as the time in the PACU to several days, and up
to 30 days, aNer anaesthesia. In addition, the methods or tools
used to collect the information were not always reported, and
were described in limited terms such as 'an interview', or in
more comprehensive terms (for example, by including a specific
standardised questionnaire such as structured modified Brice
questionnaire (Brice 1970).

Funding

Five studies reported financial support or included study authors
who had received fees (for example for consultancy work), from
companies involved in the manufacture of BIS monitors (Ahmad
2003; Bruhn 2005; Gan 1997; Myles 2004; Wong 2002). Twenty-
one studies were either not funded or funded from independent
sources (Alimian 2016; Avidan 2008; Avidan 2011; Bresil 2013; Fakhr
2014; Kamali 2017a; Khoshrang 2016; Kreuer 2003; Kreuer 2005;
Luginbuhl 2003; Mashour 2012; Mozafari 2014; Nelskyla 2001; Payas
2013; Persec 2012; Rahul 2015; Raksakietisak 2016; Recart 2003;
Sudhakaran 2018; White 2004; Zohar 2006). We could not ascertain
funding sources from the remaining studies.

Excluded studies

We excluded 68 studies during full-text review and the reasons for
these exclusions are described in Figure 1.

In order to improve usability of the review, we have only reported
details of 19 of these 68 excluded studies in the review (Aceto
2015; Aimé 2006; Chan 2013; Chiu 2007; Hachero 2001; Kamali
2017b; Karwacki 2014; Kaval 2015; Kerssens 2009; Nitzschke 2014;
Panagopoulou 2000; Quesada 2016; Radtke 2013; Rüsch 2018;
Samarkandi 2004; Shahrbazi 2008; Struys 2001; Vretzakis 2005;
Zhou 2018). We excluded these 19 studies because their study
aims did not match the review aim. See Characteristics of excluded
studies.

Of these 19 studies, five studies were included in the previous
version of the review (Aimé 2006; Chiu 2007; Hachero 2001;
Samarkandi 2004; Struys 2001); the decision to exclude these five
studies was due to a change in the review criteria (see DiIerences
between protocol and review).

We did not include in the review studies that were excluded
during previous versions of the review (Punjasawadwong 2007;
Punjasawadwong 2014).

Studies awaiting classification

Six studies are awaiting classification (Aksun 2007; Croci 2014;
CTRI/2018/03/012457; Golmohammadi 2014; Jeong 2002; Qu
2011). We were unable to source the full text of two studies from
current library sources and the abstracts contained insuIicient
information to assess eligibility (Aksun 2007; Qu 2011). Croci
2014 was published only as an abstract and, similarly this
contained insuIicient information to assess eligibility. We found
one completed study in a clinical trial register but the clinical
trial register did not include study results and therefore, we
await publication of the full report (CTRI/2018/03/012457). Two
studies require translation to assess eligibility (Golmohammadi
2014; Jeong 2002).

Ongoing studies

We found two ongoing studies (Martins 2013; NCT03571945). One
study is a protocol, previously included in the review as 'awaiting
classification' (Martins 2013); because the status is recorded in
the clinical trial register as unknown we have assumed that it
is still ongoing. This study compares BIS with clinical signs in
people undergoing coronary artery bypass graN. The other ongoing
and multi-centre study aims to recruit 2000 participants and will
compare BIS-guided anaesthesia with anaesthesia guided by ETAG
in participants undergoing elective surgery lasting more than 30
minutes (NCT03571945).

Risk of bias in included studies

See Characteristics of included studies, Figure 2 and Figure 3.

We only conducted 'Risk of bias' assessments on studies that
measured or reported review outcomes. Blank spaces in Figure 2
and Figure 3 indicate that these studies did not measure or report
review outcomes.

Allocation

Two quasi-randomized studies were at high risk of selection bias
because of methods used for sequence generation and allocation
concealment (Anez 2001; Shafiq 2012). In addition, we noted
diIerences between the number of participants allocated to each
group and diIerences between groups in one study which we also
judged to have a high risk of bias for sequence generation (Zhang
2011).

Twenty-two studies reported insuIicient detail of methods to
randomize participants and we judged these studies to have
an unclear risk of bias for sequence generation (Alimian 2016;
Arbabpour 2015; Assare 2002; Başar 2003; Georgakis 2000; Ibraheim
2008; Kamal 2009; Kamali 2017a; Karaca 2014; Kim 2003; Masuda
2002; Morimoto 2002; Muralidhar 2008; Nelskyla 2001; Paventi 2001;
Rahul 2015; Recart 2003; Savli 2005; Tufano 2000; White 2004;
Zhang 2016; Zohar 2006). The remaining studies reported adequate
methods to randomize participants and we judged these to have a
low risk of bias for sequence generation.

Four studies reported adequate methods to conceal allocation and
we judged these to have a low risk of bias (Avidan 2011; Boztuğ
2006; Gan 1997; Myles 2004). The remaining studies did not report
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suIicient methods to conceal allocation to enable us to judge the
risk of bias for allocation concealment.

Blinding

Whilst some studies reported that participants were blinded to
group allocation, we based our judgement for risk of performance
bias according to whether relevant personnel were blinded; this
was because we expected that knowledge of group assignment
was unlikely to influence participants. In all studies, it was not
feasible to blind anaesthetists to the two methods used to guide
anaesthesia in this review. Therefore we judged all studies to have a
high risk of performance bias. As well as the risk that anaesthetists
may alter their methods of providing anaesthesia depending
on the group to which they are allocated, this type of study
has a performance bias risk related to 'learning contamination'
bias. Learning contamination bias is the risk of changing clinical
practice in the parallel control or unmonitored group by using the
information from the BIS group (Roizen 1994).

Intraoperative awareness is a self-reported outcome; however,
we did not consider the blinding of participants to influence the
measurement of intraoperative awareness. We expected that most
studies used an anaesthetist who interviewed the participants
postoperatively (either informally or using a standardised
questionnaire) and, in this review, we classed the interviewer as
the outcome assessor as the terms used to ask questionnaires
may be subject to bias. Nineteen studies reported that outcome
assessors were blinded (Avidan 2008; Avidan 2011; Bruhn 2005;
Fakhr 2014; Gan 1997; Kamali 2017a; Khoshrang 2016; Kreuer 2003;
Kreuer 2005; Luginbuhl 2003; Mashour 2012; Myles 2004; Paventi
2001; Recart 2003; Siampalioti 2015; White 2004; Wong 2002; Zhang
2011; Zohar 2006). The remaining studies did not report whether
outcome assessors were blinded.

Incomplete outcome data

In four studies, we noted a loss of more than 10% participants
or that the loss of participants was imbalanced between groups
(Gan 1997; Mashour 2012; Morimoto 2002; Zhang 2011); we judged
these studies to have a high risk of attrition bias. We could not be
certain whether all participants were accounted for in two studies;
therefore, we judged these studies to have an unclear risk of
attrition bias (Arbabpour 2015; Fakhr 2014). The remaining studies
had no apparent participant loss, or the loss of participants was
fewer than 10%, and we judged these studies to have a low risk of
attrition bias.

Selective reporting

Two studies were prospectively registered with a clinical trial
register (Avidan 2011; Mashour 2012). We judged Mashour 2012
to have a low risk of reporting bias because outcomes in the
published report were the same as those in the clinical trial register
documents. We could not be certain whether a risk of reporting bias
was evident in Avidan 2011 because several outcomes listed in the
clinical trial register documents were not included in the published
report.

Four studies were retrospectively registered with a clinical trial
register (Alimian 2016; Avidan 2008; Khoshrang 2016; Persec 2012),
and we could not be certain whether registration was prospective or
retrospective in one study (Siampalioti 2015); it was not feasible to
use these documents to eIectively assess risk of reporting bias. The

remaining studies did not report clinical trial registration or study
protocol publication, and therefore, it was similarly not feasible to
eIectively assess risk of reporting bias.

Other potential sources of bias

We were unable to assess risks of other sources of bias in those
studies for which we did not seek translation (Arbabpour 2015; Kim
2003; Masuda 2002; Morimoto 2002; Savli 2005), or in studies that
were reported only as abstracts (Georgakis 2000; Kabukcu 2012);
therefore, we used an unclear judgement for other risks of bias.
Similarly, we used an unclear judgement in two studies in which
study characteristics were poorly reported (for example, with no
baseline characteristics table) (Kamali 2017a; Tufano 2000).

We noted some important baseline imbalances between groups in
three studies and we could not be certain of the influence of these
imbalances on the outcome data (Avidan 2008; Persec 2012; Rahul
2015).

E9ects of interventions

See: Summary of findings 1 Bispectral index compared to
clinical signs for improving intraoperative awareness and early
postoperative recovery; Summary of findings 2 BIS compared
to ETAG for improving intraoperative awareness and early
postoperative recovery

1. BIS versus clinical signs

Occurrence of intraoperative awareness

Twenty-nine studies measured intraoperative awareness (Anez
2001; Assare 2002; Bruhn 2005; Ellerkmann 2010; Fakhr 2014; Guo
2015; Ibraheim 2008; Kabukcu 2012; Kamal 2009; Kamali 2017a;
Karaca 2014; Kim 2003; Kreuer 2003; Kreuer 2005; Luginbuhl 2003;
Mozafari 2014; Myles 2004; Paventi 2001; Persec 2012; Puri 2003;
Rahul 2015; Recart 2003; Song 1997; Sudhakaran 2018; White 2004;
Wong 2002; Zhang 2011; Zhang 2016; Zohar 2006). In two studies,
data were measured but were unclearly reported or were not
reported (Fakhr 2014; Paventi 2001).

Events were rare, and only five of these studies included incidences
of awareness (Kamali 2017a; Mozafari 2014; Myles 2004; Puri
2003; Zhang 2011). Two of these studies were large, multi-
centre trials - one included only participants at high risk of
intraoperative awareness (Myles 2004), and one included an
unselected population (Zhang 2011). Four of these five studies
used a structured questionnaire to collect data on awareness, and
one study reported that participants were interviewed (with no
additional details). Two of these five studies used an adjudication
process to judge whether descriptions of awareness were possible
or confirmed, and we included data only for confirmed reports of
awareness.

We found that BIS-guided anaesthesia may reduce the risk of
intraoperative awareness in a surgical population that were at
unselected or at high risk of awareness (Peto odds ratio (OR) 0.36,

95% confidence interval (CI) 0.21 to 0.60; I2 = 61%; 27 studies;
9765 participants; low-certainty evidence; Analysis 1.1). We used
GRADE to downgrade the certainty of the evidence by two levels.
We downgraded by one level for study limitations owing to the
inclusion of some studies with unclear risks of bias, and in all
studies, it was not possible to blind anaesthetists to the diIerent
methods of depth of anaesthesia monitoring leading to a high
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risk of performance bias throughout. We downgraded by one
level for imprecision; whilst we noted a narrow CI, the eIect was
dominated by two large trials (with two diIerent populations
selected according to the likelihood of intraoperative awareness)
and we found many studies with zero events in both arms. We
conducted sensitivity analysis to explore alternative statistical
models to account for zero events in both arms as well as rare
events and found more conservative estimates when we used a
random-eIects model, thus reducing our certainty in the estimate.
See Summary of findings 1.

Recovery time to eye opening

Twenty-seven studies measured time to eye opening (Anez 2001;
Başar 2003; Boztuğ 2006; Bruhn 2005; Ellerkmann 2010; Gan
1997; Georgakis 2000; Ibraheim 2008; Kamal 2009; Karaca 2014;
Khoshrang 2016; Kreuer 2003; Kreuer 2005; Masuda 2002; Morimoto
2002; Myles 2004; Nelskyla 2001; Paventi 2001; Puri 2003; Recart
2003; Savli 2005; Shafiq 2012; Siampalioti 2015; Tufano 2000; White
2004; Wong 2002; Zohar 2006). In two studies, time was measured
but not reported (Georgakis 2000; Zohar 2006). We did not combine
data in analysis from studies that reported time to eye opening as
median values (Myles 2004; Paventi 2001; Tufano 2000).

For Siampalioti 2015, a multi-arm study, we included data only for
participants in which sevoflurane was used for anaesthesia; the
eIect for these participants showed a more conservative estimate.

We found that BIS-guided anaesthesia may reduce time to eye
opening by mean diIerence (MD)1.78 minutes (95% CI -2.53 to

-1.03 minutes; I2 = 83%; 22 studies; 1494 participants; low-certainty
evidence; Analysis 1.2). We used GRADE to downgrade the certainty
of the evidence by one level for inconsistency owing to the
substantial statistical heterogeneity in this eIect, and by one level
for study limitations owing to the inclusion of some studies with
unclear risks of bias, and in all studies, it was not possible to blind
anaesthetists to the diIerent methods of depth of anaesthesia
monitoring leading to a high risk of performance bias throughout.
See Summary of findings 1.

Recovery time to orientation

Eight studies measured time to orientation (Fakhr 2014; Kamal
2009; Nelskyla 2001; Paventi 2001; Savli 2005; Song 1997; White
2004; Wong 2002). In Fakhr 2014, data were measured but not
reported. We did not combine data in analysis from studies that

reported time to orientation as median values (Paventi 2001). In
Song 1997, data were included separately according to the type
of volatile anaesthetic (sevoflurane and desflurane); we included
data for participants who were given sevoflurane as this presented
a more conservative finding.

We found that BIS-guided anaesthesia may reduce time to

orientation by MD 3.18 minutes (95% CI -4.03 to -2.33 minutes; I2

= 41%; 6 studies; 273 participants; low-certainty evidence; Analysis
1.3). We used GRADE to downgrade the certainty of the evidence
by one level for imprecision as the evidence was from few studies
with few participants, and by one level for study limitation owing
to the inclusion of some studies with unclear risks of bias, and in
all studies it was not possible to blind anaesthetists to the diIerent
methods of depth of anaesthesia monitoring leading to a high risk
of performance bias throughout. See Summary of findings 1.

Time to discharge from the postanaesthesia care unit (PACU)

Seventeen studies measured time to discharge from the PACU
(Alimian 2016; Anez 2001; Arbabpour 2015; Boztuğ 2006; Bruhn
2005; Fakhr 2014; Gan 1997; Kamal 2009; Khoshrang 2016; Masuda
2002; Morimoto 2002; Myles 2004; Recart 2003; Song 1997; White
2004; Wong 2002; Zohar 2006). We did not include data for one
study in which time was reported as median values (Myles 2004),
nor for three studies in which data were not reported or were
reported unclearly (Arbabpour 2015; Fakhr 2014; Khoshrang 2016).
In Song 1997, data were included separately according to the type
of volatile anaesthetic (sevoflurane and desflurane); we included
data for participants who were given sevoflurane as this presented
a more conservative finding.

We found that BIS-guided anaesthesia may reduce time to
discharge from the PACU by MD 6.86 minutes (95% CI -11.72 to

-2.00; I2 = 79%; 13 studies; 930 participants; low-certainty evidence;
Analysis 1.4). We used GRADE to downgrade the certainty of the
evidence by one level for inconsistency owing to the substantial
statistical heterogeneity in this eIect, and by one level for study
limitations owing to the inclusion of some studies with unclear risks
of bias, and in all studies it was not possible to blind anaesthetists to
the diIerent methods of depth of anaesthesia monitoring leading
to a high risk of performance bias throughout. See Summary of
findings 1.

From visual inspection of a funnel plot for these outcome data, we
noted the possibility of publication bias (Figure 4).
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Figure 4.   Funnel plot of comparison: 1 BIS versus clinical sides, outcome: 1.4 Time to discharge from the PACU
(minutes).
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Subgroup analysis

Type of agent used to guide anaesthesia

We did not include Myles 2004 in this subgroup analysis because
the type of anaesthetic was at the discretion of the attending
anaesthetists, and therefore may include all types.

Occurrence of intraoperative awareness: the eIect for propofol
was consistent with our primary analysis, showing a reduction
in intraoperative awareness when propofol was guided by BIS

(Peto OR 0.24, 95% CI 0.10 to 0.60; I2 = 0%; 10 studies; 5784
participants). The evidence for isoflurane was inconsistent and
showed no evidence of a reduction in intraoperative awareness
when isoflurane was guided by BIS (Peto OR 0.58, 95% CI 0.26 to

1.28; I2 = 74%; 4 studies; 637 participants). None of the studies
in which desflurane or sevoflurane was given reported events.
Analysis 2.1.

Recovery time to eye opening: this subgroup analysis included
both propofol and sevoflurane groups in Siampalioti 2015. The
eIect for time to eye opening was consistent with our primary
analysis, showing a reduction in time to eye opening for BIS-guided
anaesthesia with: propofol (MD -2.13 minutes, 95% CI -3.82 to -0.43

minutes; I2 = 89%; 8 studies; 680 participants); isoflurane (MD -2.45

minutes, 95% CI -4.80 to -0.09 minutes; I2 = 73%; 3 studies; 150
participants); and sevoflurane (MD -1.52 minutes, 95% CI -2.60 to

-0.44 minutes; I2 = 83%; 8 studies; 392 participants). We found no
evidence of a diIerence in time to eye opening when desflurane was

used (MD -0.51 minutes, 95% CI -1.44 to 0.42 minutes; I2 = 38%; 4
studies; 322 participants). Analysis 2.2.

Recovery time to orientation: we did not conduct subgroup
analysis for this outcome because the primary analysis included
too few studies.

Recovery time to discharge from the PACU: this subgroup
analysis included both sevoflurane and desflurane anaesthetic
groups in Song 1997. We noted diIerences between subgroups in
this analysis (Chi2 = 57.54, df = 13, P < 0.00001). Whilst studies in
which propofol was used showed a reduction in time to discharge
from the PACU which was consistent with the primary analysis (MD

-5.42 minutes, 95% CI -9.36 to -1.48 minutes; I2 = 0%; 4 studies;
398 participants), we found that the evidence when volatile agents
were used was inconsistent: desflurane (MD -14.76 minutes, 95%

CI -29.61 to 0.09 minutes; I2 = 88%; 4 studies; 272 participants);
isoflurane (MD -14.00 minutes, 95% CI -34.12 to 6.12 minutes; 1
study; 60 participants); sevoflurane (MD -5.99 minutes, 95% CI

-13.34 to 1.36 minutes; I2 = 83%; 5 studies; 230 participants).
Analysis 2.4.
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Sensitivity analysis

Unclear or high risk of selection bias for sequence generation

• Occurrence of intraoperative awareness: only 14 studies
included in the primary analysis had a low risk of selection
bias (Bruhn 2005; Ellerkmann 2010; Guo 2015; Kabukcu 2012;
Kreuer 2003; Kreuer 2005; Luginbuhl 2003; Mozafari 2014; Myles
2004; Persec 2012; Puri 2003; Song 1997; Sudhakaran 2018;
Wong 2002). When we excluded the remaining studies, analysis
demonstrated no evidence of an eIect (Peto OR 0.60 (95% CI
0.29 to 1.23; 14 studies; 3654 participants); however, we noted
that this sensitivity analysis included only three studies with
event data, of which one small study had findings which were
inconsistent with other studies and which we could not explain
(Mozafari 2014).

• Time to eye opening: only 10 studies included in the primary
analysis had a low risk of selection bias (Boztuğ 2006; Bruhn
2005; Ellerkmann 2010; Gan 1997; Khoshrang 2016; Kreuer 2003;
Kreuer 2005; Puri 2003; Siampalioti 2015; Wong 2002). When the
remaining studies were excluded, we found no diIerence in the
interpretation of the eIect.

• Time to orientation: only two studies included in the primary
analysis had a low risk of selection bias (Song 1997; Wong
2002). When we excluded the remaining studies, we found no
diIerence in the interpretation of the eIect.

• Time to discharge from the PACU: only five studies included in
the primary analysis had a low risk of selection bias (Boztuğ
2006; Bruhn 2005; Gan 1997; Song 1997; Wong 2002). When we
excluded the remaining studies, we found no evidence of an
eIect (MD -1.62 minutes (95% CI -5.96 to 2.72); 519 participants).

Unclear or high risk of attrition bias

• Occurrence of intraoperative awareness: we excluded one study
with a high risk of attrition bias (Zhang 2011). This did not alter
the interpretation of the eIect.

• Time to eye opening: we excluded two studies with a high risk of
attrition bias (Gan 1997; Morimoto 2002). This did not alter the
interpretation of the eIect.

• Time to orientation: no studies included in the primary analysis
had an unclear or high risk of attrition bias.

• Time to discharge from the PACU: we excluded two studies with
a high risk of attrition bias (Gan 1997; Morimoto 2002). This did
not alter the interpretation of the eIect.

Zero event data

Analysis of the occurrence of intraoperative awareness included 22
studies with zero events in both arms. We evaluated alternative
statistical tools and methods using the calculator in Review
Manager 14. We report the eIect of these sensitivity analyses in
Appendix 7. Based on a fixed-eIect model, using a RR with either
Mantel-Haenszel or Inverse Variance did not alter the interpretation
of the eIect. Although we evaluated the eIect using a random-
eIects model, this model is less appropriate for evidence of rare
events (Higgins 2011). Based on a random-eIects model, we found
a more conservative estimate which indicated no evidence of a
diIerence in intraoperative awareness when the Mantel-Haenszel

method was used (RR 0.32, 95% CI 0.10 to 1.01; I2 = 62%), and when
the Inverse Variance method was used (RR 0.32, 95% CI 0.10 to 1.00;

I2 = 60%).

2. BIS versus ETAG

Occurrence of intraoperative awareness

Five studies measured and reported intraoperative awareness
(Avidan 2008; Avidan 2011; Mashour 2012; Muralidhar 2008;
Sudhakaran 2018). This surgical population included participants
who were at high risk of intraoperative awareness (Avidan 2008;
Avidan 2011), who were unselected (Mashour 2012), or for whom
risk of awareness was not specified (Muralidhar 2008; Sudhakaran
2018).

Events were rare and only three of these studies included
incidences of awareness. Of the three studies with event data, all
used a structured Brice questionnaire to collect data on awareness,
and all used an adjudication process to categorise incidences of
awareness as possible or definite; we included in analysis data for
definite awareness.

We found no evidence of a diIerence in incidences of intraoperative
awareness according to whether anaesthesia was guided by BIS

or by ETAG (Peto OR 1.13, 95% CI 0.56 to 2.26; I2 = 37%; 26,572
participants; low-certainty evidence; Analysis 3.1). We used GRADE
to downgrade the certainty of the evidence by one level for
imprecision; despite a large number of participants, events were
very rare (one per 1000 in the intervention and the comparison
group) and the confidence interval for this eIect was wide. In
addition, we downgraded by one level for study limitations owing
to the inclusion of some studies with unclear and high risks of bias,
and in all studies it was not possible to blind anaesthetists to the
diIerent methods of depth of anaesthesia monitoring leading to a
high risk of performance bias throughout. See Summary of findings
2.

Recovery time to eye opening

No studies reported time to eye opening.

Recovery time to orientation

No studies reported time to orientation.

Time to discharge from the PACU

One study measured and reported time to discharge from the PACU
(Mashour 2012). Study authors reported a reduction in readiness for
discharge from the PACU when BIS-guided anaesthesia was used,
with a median interquartile range (IQR)) duration of 95 minutes
(64 to 138 minutes) for participants having BIS-guided anaesthesia
(6076 participants) compared to a median (IQR) duration of 98
minutes (66 to 140 minutes) for participants having ETAG-guided
anaesthesia (9376 participants). We used GRADE to downgrade
this evidence to low certainty. We downgraded by two levels for
imprecision because the evidence was from one study in which the
IQR of time spent in the PACU was wide in both groups.

Subgroup analysis

We did not conduct subgroup analysis for the comparison BIS
versus ETAG because we found too few studies in the primary
analysis.
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Sensitivity analysis

Unclear or high risk of selection bias for sequence generation

Occurrence of intraoperative awareness: all studies in the primary
had a low risk of selection bias (Mashour 2012).

Time to discharge from the PACU: data for this outcome were from
a single study which we judged to have a low risk of selection bias
(Mashour 2012).

Unclear or high risk of attrition bias

Occurrence of intraoperative awareness: we excluded one study
with a high risk of attrition bias (Mashour 2012). This did not alter
the interpretation of the eIect.

Time to discharge from the PACU: data for this outcome was from
a single study which we judged to have a high risk of attrition bias
(Mashour 2012).

Zero event data

Analysis of the occurrence of intraoperative awareness included
two studies with zero events in both arms. We evaluated alternative
statistical tools and methods using the calculator in Review
Manager 14. We report the eIect of these sensitivity analyses in
Appendix 7. We found that alternative statistical tools did not alter
the interpretation of the eIect for this outcome.

D I S C U S S I O N

Summary of main results

We found 52 studies that compared bispectral index (BIS)-guided
anaesthesia with either clinical signs or end-tidal anaesthetic
gas (ETAG). Studies included participants undergoing any type of
surgery under general anaesthesia. Three studies included only
participants who were at high risk of intraoperative awareness,
and two studies included only unselected participants. Whilst some
studies included participants who had one or more factor that
may increase the risk of intraoperative awareness (according to
NAP5 2014), we did not categorise these studies as at high risk of
intraoperative awareness.

We included two comparison groups in the review: BIS-guided
anaesthesia compared with anaesthesia guided by clinical signs,
and BIS-guided anaesthesia compared with anaesthesia guided by
ETAG.

We found low-certainty evidence that BIS-guided anaesthesia
compared to clinical signs may reduce the incidence of
intraoperative awareness. However, incidences of awareness were
rare. Incidences, when BIS was used, were only six per 1000 fewer
than in the clinical signs group. We found low-certainty evidence
that early recovery times may be reduced when BIS was used; the
time to eye opening, to orientation, and to discharge from the PACU
was shorter for all studies in which BIS was used.

For BIS-guided anaesthesia compared to ETAG-guided anaesthesia,
we found no evidence of a diIerence in the incidence of
intraoperative awareness. Again, we found few incidences of
intraoperative awareness (1 per 1000 in both groups) and we judged
this evidence to be low certainty. Only one study in which BIS was
compared with ETAG-guided anaesthesia measured the time to
discharge from the PACU, and this study reported median values

which showed a reduction in time to discharge from the PACU
for BIS-guided anaesthesia (low-certainty evidence). No studies
comparing BIS- to ETAG-guided anaesthesia measured or reported
the time to eye opening and the time to orientation.

Overall completeness and applicability of evidence

We identified 52 studies with 41,331 participants. All participants
were undergoing surgery under general anaesthesia. Most studies
did not specify whether participants were selected according to
their risk of intraoperative awareness, and we noted that some
characteristics of included participants and the methods used in
their anaesthesia indicated at least one risk factor for awareness.
These factors, identified in the most recent NAP5 audit (NAP5 2014),
included female gender, obesity, type of surgery (obstetric, cardiac,
thoracic, neurosurgery), and the use of neuromuscular blockade.
Whilst experience of the anaesthetist may be relevant to the risk of
intraoperative awareness, we found that this was poorly reported
in studies, and no studies reported that attending anaesthetists in
the trials had a junior level of experience.

Most studies compared BIS with clinical signs to monitor the depth
of anaesthesia with only six studies comparing BIS with ETAG.

We attempted to account for diIerences between studies in terms
of the type surgery by using a random-eIects model in the analysis
of the recovery time points. However, we noted a moderate
to substantial statistical heterogeneity in most of our primary
analyses. We expected that this was inevitable because of the broad
inclusion criteria regarding type of surgery. These diIerences in
surgery type may increase the duration of general anaesthesia and
the subsequent recovery times, and we believed that this statistical
heterogeneity was unavoidable in the review.

Quality of the evidence

We used GRADE to downgrade the certainty of the evidence for all
outcomes in this review to low. Whilst we found a large number
of studies that compared BIS with anaesthesia guided by clinical
signs, incidences of intraoperative awareness were so infrequent
with most studies reporting no events in either group. We reported
the eIect estimate as Peto odds ratio (OR) which accounted for
rare events, but when we used alternative statistical methods using
random-eIects models, we found more conservative estimates,
thus we believed the evidence was imprecise. Similarly, although
evidence comparing BIS to ETAG, included a larger number
of participants, events were from only three studies and were
infrequent.

We also used GRADE to downgrade the certainty of the evidence
owing to study limitations. We used the 'Risk of bias' tool to assess
some studies as having an unclear risk of bias, oNen because these
studies reported no information on which to base a confident
judgement. This study design prohibits blinding of the attending
anaesthetists and therefore, we judged all studies to have a high
risk of performance bias. We expected that some anaesthetists
who were assigned a BIS monitor may continue to base their
judgements of a patient's depth of anaesthesia on standard clinical
practices rather than BIS, or that they may alter their standard
anaesthetic practice in other ways when using the BIS monitor.

We also noted that intraoperative awareness was oNen not clearly
defined in studies and without a precise definition we could not be
certain that the incidences (or lack of incidences) were comparable
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in the analyses. Similarly, the time points at which intraoperative
awareness was measured (for example in the postanaesthesia care
unit (PACU), or on the first, second, or third postoperative day, or up
to 30 days postoperatively) were not comparable, nor the methods
of data collection (for example, using a simple question or using a
recognised data collection tool such as the Brice questionnaire, and
whether reports of awareness were evaluated for being possible or
definite).

Potential biases in the review process

We conducted a thorough search in the update and used two review
authors to assess study eligibility, extract data, and assess risk of
bias in included studies; therefore, we reduced potential bias in the
review process.

In updating this review, we made minor changes to the review
inclusion criteria. We decided to exclude studies that did not aim
to address our review question. As a result of this decision, we
excluded five previously included studies. As these five studies, and
other similar studies identified during the search, did not address
our review aims, it was not expected that this decision aIected
data for the relevant outcomes in the review. In addition, we re-
evaluated the previous review outcomes. In order to improve the
focus of the review, we reduced the number of outcomes and
included only those that measured the success of anaesthesia in
terms of a reduction in the risk of intraoperative awareness and
an optimum early recovery; for usability, we selected only three
measures of recovery (time to eye opening, time to orientation,
and time to discharge from the PACU). The decision to reduce the
number of outcomes may introduce bias into the review process,
however, we believed that this decision improved the usability of
the review.

In addition, we were unable to source all texts from current
British Library sources, and we did not seek translation of some
studies, and therefore the review includes six studies awaiting
classification. We could not be certain whether these studies
included relevant data for the review.

For the primary outcome (the occurrence of intraoperative
awareness), we found many studies with zero events in both
arms. We limited the choice of appropriate meta-analytic tools
to those available in Review Manager 14, and used Peto OR
in the primary analysis. We conducted sensitivity analysis using
alternative statistical methods in Review Manager 14. Alternative
methods, such as Bayesian meta-analysis, may oIer a more robust
method to account for rare events as well as studies with zero
events in both arms (Cheng 2016).

Agreements and disagreements with other studies or
reviews

A recent meta-analysis conducted by Gao and colleagues (Gao
2018), combined data from the five largest studies in this review
(Avidan 2008; Avidan 2011; Mashour 2012; Myles 2004; Zhang
2011). Whilst their findings demonstrated that intraoperative
awareness did not appear to be associated with BIS monitoring,
this result combined studies of both ETAG- and clinical signs-guided
comparison groups. Similarly, the Cochrane Review by Messina
and colleagues also combined both comparison groups (Messina
2016). We noted that Messina 2016 gave greater emphasis to the
definition of diIerent types of awareness, and the methods by

which data were collected. As we had not specified this criteria, and
the primary outcome in our review was for a broader criteria for
intraoperative awareness, we subsequently included more small
studies in the analysis. We do not think that the result in Messina
2016 is comparable with our own findings.

In relation to recovery measures, our findings are consistent with
other systematic reviews which indicate that anaesthesia guided
by BIS monitoring improves early postoperative recovery with a
shorter time to eye opening and to orientation demonstrated in
Chiang 2018 and Oliveira 2017, and a reduced time in the PACU for
participants undergoing ambulatory surgery in Liu 2004.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

BIS-guided anaesthesia may reduce the risk of intraoperative
awareness in surgical patients at high risk or unselected for risk
of awareness compared to using clinical signs as the guide for
anaesthetic depth. Bispectral index (BIS)-guided anaesthesia may
also reduce early recovery parameters of the time to eye opening,
the time to orientation, and the time to discharge from the
postanaesthesia care unit (PACU). We found no evidence to indicate
whether BIS-guided or end-tidal anaesthetic gas (ETAG)-guided
anaesthesia aIected the incidence of intraoperative awareness,
and evidence from only one study comparing BIS with ETAG that
indicated a shorter length of stay in the PACU with BIS-guided
anaesthesia. However, we considered the certainty of evidence to
be low for each of these outcomes.

Implications for research

Despite some large multi-centre studies included in this review,
the incidences of awareness are so infrequent that imprecision is
inevitable. We hope that future research will continue to contribute
evidence towards the evaluation of the eIectiveness of BIS-
monitoring to reduce incidences of intraoperative awareness. We
would recommend future studies to consider the need to report
clearly their definition of awareness, and to use measurement
tools such as the Brice questionnaire with appropriate adjudication
of whether reports of intraoperative awareness are possible or
definite.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 99

Country: USA

Setting: hospital; single centre

Inclusion criteria: undergoing gynaecological laparoscopy; with written informed consent

Exclusion criteria: not reported

Type of surgery: gynaecologic laparoscopy

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 35.6 (± 8.7) years

• Weight, mean (SD): 61.2 (± 10.5) kg

• Height, mean (SD):164.3 (± 5.8) cm

• ASA status I/II: 25/24

• Duration of surgery, mean (SD): 69 (± 37) minutes
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Comparison group (clinical signs)

• Age, mean (SD):35.4 (± 8.9) years

• Weight, mean (SD): 68.4 (± 12.61) kg

• Height, mean (SD):165.6 (± 6.6) cm

• ASA status I/II: 28/2

• Duration of surgery, mean (SD): 67 (± 36) minutes

Interventions Intervention group (BIS)

• Randomized, n = 49; losses = 0; analysed, n = 49

• Details: induction with sevoflurane and oxygen. Sevoflurane guided by BIS (target value of 50 to 60).
After removal of laparoscope from the abdomen, nitrous oxide was added to help maintain BIS value
< 60.

Comparison group (clinical signs)

• Randomized, n = 48; losses = 0; analysed, n = 48

• Details: sevoflurane inhalation guided by BP and HR within 20% baseline values. After removal of la-
paroscope from the abdomen, nitrous oxide was added if BP or HR increased to > 20% baseline values.

Both groups: neuromuscular blocking agents to facilitate tracheal intubation and intraoperative paral-
ysis in all participants; type of agent and dose, plus agents for reversal, was at discretion of attending
anaesthetist. Sufentenil administered before induction, and given in supplemental doses for BP or HR
increases > 20% despite BIS value of 50 to 60 or end-tidal sevoflurane concentration of 2%. Dexmetha-
sone given after induction as an antiemetic. Thirty minutes before end of surgery, metochlorpropamide
and ephedrine were given as additional antiemetics, and ketorolac for opiate-sparing analgesia

Outcomes Outcomes measured/reported by study authors: successful fast track rate (using modified Aldrete
Score, main outcome); mean concentration of sevoflurane (%); mean dose of sufentanil; mean dose of
rocuronium; mean duration of phase II recovery room stay (time to discharge); pain in phase II recovery
area; nausea/vomiting in phase II recovery area

Outcomes relevant to the review: none

Notes Funding/declarations of interest: supported in part by Aspect Medical Systems, USA

Study dates: not specified

Note:

• we did not conduct 'Risk of bias' assessment because study authors reported no outcomes relevant
to the review

Ahmad 2003  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 80

Country: Iran

Setting: hospital; single centre

Inclusion criteria: 15 to 53 years of age; scheduled for laparoscopic surgery in women's field; ASA I or II

Alimian 2016 
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Exclusion criteria: < 18 years old; history of COPD; kidney dysfunction with creatinine > 2 mg/dL or liv-
er dysfunction; neurological diseases; difficult airway (by direct laryngoscopy or fibreoptic); history of
analgesics, anticonvulsants and antidepressants; untreated hypertension; heart failure; drug allergy;
undergoing emergency surgery

Type of surgery: laparoscopic gynaecology

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 32.37 (± 9.07) years

• Duration of surgery, mean (SD): 128.23 (± 54.42) minutes

Comparison group (clinical signs)

• Age, mean (SD): 30.86 (± 8.49) years

• Duration of surgery, mean (SD): 134.34 (± 57.82) minutes

Interventions Intervention group (BIS)

• Randomized, n = 40; losses, n = 0; analysed, n = 40

• Details: propofol guided by BIS (Aspect Medical Systems Inc, USA), target values 45 to 60; propofol
increased or decreased by 10% to keep BIS within target range. If increased BP despite increases in
dose of propofol or additional fentanyl, TNG was used.

Comparison group (clinical signs)

• Randomized, n = 40; losses, n = 0; analysed, n = 40

• Details: 20% increase to propofol dosage for an increase of 20% in BP and HR, or in case of unrespon-
siveness fentanyl was given. If BP did not decrease TNG infusion started. If BP decreased up to 20%
from baseline values, 20% to 30% of propofol was decreased.

Both groups: premedication with fentanyl and midazolam. Induction with propofol and cisatracuri-
um. Then propofol and cisatracurium every 30 minutes and fentanyl every 40 minutes. Reversal with
neostigmine and atropine.

Outcomes Outcomes measured/reported by study authors: time to discharge from recovery; nausea and vomit-
ing; pain in recovery

Outcomes relevant to the review: time to discharge from recovery

Notes Funding/declarations of interest: funded by Research Deputy of Iran University of Medical Sciences

Study dates: March 2015 to October 2015

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Described as "triple-blinded randomized trial". However, method used to ran-
domize participants to group is not described.

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants are blinded to group alloca-
tion. However, it is not feasible to blind anaesthetists to group allocation

Alimian 2016  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Retrospectively registered with clinical trials register (IRCT2015122919715N2).
It is not feasible to used this registration document to effectively assess risk of
reporting bias

Other bias Low risk We identified no other sources of bias

Alimian 2016  (Continued)

 
 

Study characteristics

Methods Quasi-randomized trial, parallel design

Participants Total number of randomized participants: 40

Country: Spain

Setting: hospital; single centre

Inclusion criteria: ASA status I or II; scheduled for general, vascular, or orthopaedic surgery under GA

Exclusion criteria: using psychotropic medication; contraindications to medications used in the study,
to use of an LMA, or for whom GA is not indicated; ASA status > II

Type of surgery: vascular (venous) or orthopaedic outpatient surgery

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 38.10 (± 14.07) years

• Weight, mean (SD): 72.20 (± 16.73) kg

• Height, mean (SD): 161.85 (± 9.32) cm

• Duration of surgery, mean (SD): 43.90 (± 15.36) minutes

Comparison group (clinical signs)

• Age, mean (SD): 43.05 (± 15.27) years

• Weight, mean (SD): 72.21 (± 13.96) kg

• Height, mean (SD): 163.72 (± 10.45) cm

• Duration of surgery, mean (SD): 39.16 (± 12.64) minutes

Interventions Intervention group (BIS)

• Randomized, n = 20; losses = 0; analysed, n = 20

• Details: propofol TCI guided by BIS (BIS A-2000 Aspect) target values of 40 to 60

Comparison group (clinical signs)

• Randomized, n = 20; losses = 1 (due to protocol violation); analysed, n = 19

Anez 2001 
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• Details: propofol administration guided by clinical signs (loss of reflexes, and haemodynamic respons-
es)

Both groups: premedication with midazolam. Atropine, alfentanil, propofol, rocuronium. Use of LMA.

Outcomes Outcomes measured/reported by study authors: intraoperative awareness (assessed after full re-
covery from anaesthetic); propofol consumption; recovery (time to eye opening; time in the recovery
room)

Outcomes relevant to the review: intraoperative awareness, time to eye opening

Notes Funding/declarations of interest: not reported

Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk The study used sequential randomization (quasi-randomization). The ratio-
nal for this 'sequence' was to avoid any contamination or influence of the 'BIS
guided anaesthesia' on the 'standard anaesthesia' administered subsequently

Allocation concealment
(selection bias)

High risk Investigators did not conceal allocation

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants are blinded to allocation. It
is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Loss of only one participant

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or pub-
lished protocol. It is not feasible to effectively assess risk of reporting bias

Other bias Low risk We identified no other sources of bias

Anez 2001  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 68

Country: Iran

Setting: hospital; single centre

Inclusion criteria: women undergoing caesarean section

Arbabpour 2015 
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Exclusion criteria: not specified in English abstract

Type of surgery: caesarean section

Baseline characteristics not reported in English abstract

Interventions Intervention group (BIS)

• Randomized, n = 34; losses, n = unknown; analysed, n = unknown

• Details: anaesthesia maintained using BIS, target values 40 to 60

Comparison group (clinical signs)

• Randomized, n = 34; losses, n = unknown; analysed, n = unknown

• Details: anaesthesia maintained using haemodynamic variables

Outcomes Outcomes measured/ reported by study authors: record times (time to extubation, time to discharge
from recovery unit); complications during recovery

Outcomes relevant to the review: time to discharge from the PACU (see note below)

Notes Funding/declarations of interest: not reported in English abstract

Study dates: not reported in English abstract

Notes:

• study is in Persian, and we did not seek translation. We have taken information only from the English
abstract

• we were unable to include data in analysis because the number of analysed participants was not re-
ported in the abstract

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants are randomly assigned; no additional details in English abstract

Allocation concealment
(selection bias)

Unclear risk Not specified in English abstract

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants are blinded to group alloca-
tion. However, it is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk It is unclear from the English abstract whether all participants were accounted
for in analysis

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or pub-
lished protocol. It is not feasible to effectively assess risk of reporting bias

Other bias Unclear risk We did not seek full translation of this study report, and we could not be cer-
tain whether the study included other sources of bias

Arbabpour 2015  (Continued)
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Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 40

Country: Sweden

Setting: hospital; single centre

Inclusion criteria: ASA I or II; scheduled for elective knee arthroscopy; informed consent

Exclusion criteria: not reported

Type of surgery: elective arthroscopy (ambulatory surgery)

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 45 (± 14) years

• Weight, mean (SD): 77 (± 19) kg

• Duration of anaesthesia, mean (SD): 15 (± 5.0) minutes

Comparison group (clinical signs)

• Age, mean (SD):44 (± 11) years

• Weight, mean (SD): 82 (± 12) kg

• Duration of anaesthesia, mean (SD): 17 (± 4.8) minutes

Interventions Intervention group (BIS)

• Randomized, n = 20; losses = 0; analysed, n = 20

• Details: sevoflurane inhalation guided by BIS (Aspect 2000, BIS Algorithm 3.4, USA), target value of 60

Comparison group (clinical signs)

• Randomized, n = 20; losses = 0; analysed, n = 20

• Details: sevoflurane inhalation guided by routine clinical signs

Both groups: premedication with cyclizine. Induction with fentanyl and propofol according to clinical
need. Muscle relaxants were not used and LMA placed in all participants. For maintenance sevoflurane
was combined with oxygen in nitrous oxide. Lidocaine prior to incision and with adrenaline at the start
of surgery, and with fentanyl at the end of surgery. All participants were given paracetamol and lornoxi-
cam for postoperative analgesia.

Outcomes Outcomes measured/reported by study authors: sevoflurane consumption; recovery (time to re-
moval of laryngeal mask; time to state birth and name; time to readiness to discharge); fentanyl con-
sumption; rescue analgesics; PONV; intraoperative awareness (postoperative interview; details of inter-
view structure or time not reported)

Outcomes relevant to the Review: intraoperative awareness; time to readiness to discharge

Notes Funding/declarations of interest: not reported

Study dates: not reported

Notes:

Assare 2002 
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• study authors included an additional study group (auditory evoked potential) which we did not in-
clude in the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. However, it is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or publica-
tion of a protocol and it was not feasible to assess risk of reporting bias

Other bias Low risk We identified no other sources of bias

Assare 2002  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 2000

Country: USA

Setting: single centre

Inclusion criteria: ≥ 18 years of age; scheduled for surgery under GA with isoflurane, sevoflurane or
desflurane; at high risk of intraoperative awareness with at least one criterion (preoperative long-term
use of anticonvulsant agents, opiates, benzodiazepines, or cocaine; cardiac ejection fraction < 40%;
history of anaesthesia awareness; history of difficult intubation or anticipated difficult intubation; ASA
status IV or V; aortic stenosis; end-stage lung disease; marginal exercise tolerance not resulting from
musculoskeletal dysfunction; pulmonary hypertension; planned open-heart surgery; daily alcohol con-
sumption) or two minor criteria (preoperative use of beta-blockers; COPD; moderate exercise tolerance
not resulting from musculoskeletal dysfunction; smoking ≥ 2 packs of cigarettes per day; obesity de-
fined as BMI > 30 kg/m2)

Exclusion criteria: the surgical procedure or positioning of the participant prevented BIS monitor-
ing or if the surgery required a wake-up test; dementia: unable to provide informed consent; history of
stroke with residual neurological deficits

Risk of awareness: participants at high risk for this complication (see inclusion criteria)

Avidan 2008 
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Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 59.5 (± 14.8) years

• Gender, M/F: 516/ 451

• Weight, mean (SD): 87.7 (± 25.9) kg

• ASA status I/II/III/IV (out of 962 patients): 21/265/454/222

Comparison group (ETAG)

• Age, mean (SD): 59.2 (± 14.6) years

• Gender, M/F: 523/451

• Weight, mean (SD): 87.4 (± 26.7) kg

• ASA status I/II/III/IV (out of 972 patients): 15/252/503/202

Interventions Intervention group (BIS)

• Randomized, n = 1000; losses = 33 (9 had technical difficulties, 12 cancelled surgery, 8 received seda-
tion only, 2 received total IV anaesthesia, 2 received spinal anaesthesia only) ; analysed, n = 967

• Details: BIS guided anaesthesia (BIS Quatro Sensor, Aspect Medical Systems, USA), target value of 40
to 60, and use of an audible alarm. Anaesthesia was sevoflurane, desflurane, or isoflurane.

• ETAG concentrations could be viewed

Comparison group (ETAG)

• Randomized, n = 1000; losses = 26 (4 had technical difficulties, 9 cancelled surgery, 6 received only
sedation, 3 received total IV anaesthesia, 4 received spinal anaesthesia only); analysed, n = 974

• Details: anaesthesia guided by end tidal anaesthetic gas (ETAG) concentrations, with audible alarm
set between 0.7 MAC and 1.3 MAC

Outcomes Outcomes measured/reported by study authors: definite intraoperative awareness and possible in-
traoperative awareness (assessed using Brice questionnaire at 3 time points: 24 hours after anaesthe-
sia; between 24 hours and 72 hours; and 30 days); BIS values; ETAG concentrations

Outcomes relevant to the review: definite intraoperative awareness

Notes Funding/declarations of interest: study authors report that manufacturer of the BIS monitor (Aspect
Medical Systems) had no role in the study design, data collection, data analysis, or manuscript prepara-
tion. No study monitors or other means of support were provided by Aspect Medical Systems. Support-
ed by a grant form the Barnes-Jewish Hospital Foundation (to Dr. Avidan)

Study dates: September 2005 to October 2006.

Notes:

• 1754 patients completed all three interviews, 133 patients only completed two interviews, 18 patients
only completed one interview

• this study is also known as the B-Unaware study

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "2000 patients underwent prerandomization electronically in blocks
of 100, with 50 patients assigned to a BIS-guided protocol and 50 to an ETAG-
guided protocol."

Allocation concealment
(selection bias)

Unclear risk Not specified

Avidan 2008  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "The anaesthesia practitioners were aware of the assignments of the
patients, but the patients, the postoperative interviewers, the expert review-
ers, and the statistician were not."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The anaesthesia practitioners were aware of the assignments of the
patients, but the patients, the postoperative interviewers, the expert review-
ers, and the statistician were not."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk We noted 59 losses, but these were relatively balanced between groups, and
amounted to a loss of fewer than 10%. ITT analysis was planned

Selective reporting (re-
porting bias)

Unclear risk Retrospectively registered on clinical trials register (NCT00281489). It is not
feasible to assess the risk of reporting bias from these reports. In addition, we
noted a retrospectively published protocol (Avidan 2009)

Other bias Unclear risk All patients classed as high risk although a significant difference was noted be-
tween the amount of patients with a neurological pre-existing medical condi-
tion in the ETAG group and the BIS group.

Avidan 2008  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 6041

Country: USA and Canada

Setting: hospital; multi-centre (3 centres)

Inclusion criteria: ≥ 18 years of age; scheduled for elective surgery under GA and at high risk of intra-
operative awareness (see below)

Exclusion criteria: people with dementia; unable to provide written informed consent; history of
stroke with residual neurological deficits. Also, the surgical procedure or positioning of the participant
prevented BIS monitoring or if the surgery required a wake-up test

Type of surgery: elective surgery (type not specified)

Criteria used for risk of intraoperative awareness: ≥ 1 major risk factor (preoperative long-term use
of anticonvulsant agents, opiates, benzodiazepines, or cocaine; a cardiac ejection fraction < 40%; a his-
tory of anaesthesia awareness; a history of difficult intubation or anticipated difficult intubation; ASA
physical status class IV or class V; aortic stenosis; end-stage lung disease; marginal exercise tolerance
not resulting from musculoskeletal dysfunction; pulmonary hypertension; planned open-heart surgery;
daily alcohol consumption) or two minor criteria (preoperative use of beta-blockers; chronic obstruc-
tive pulmonary disease; moderate exercise tolerance not resulting from musculoskeletal dysfunction;
smoking ≥ 2 packets cigarettes per day; obesity, defined as a BMI > 30 kg/m2)

Baseline characteristics (for analysed participants)

Intervention group (BIS)

• Age, mean (SD): 60 (± 14.2) years

• Gender, M/F: 1621/1240

• BMI, mean (SD): 30 (± 8.4) kg/m2

Avidan 2011 
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• ASA status I/II/III/IV: 23/468/1416/954

Comparison group (ETAG)

• Age, mean (SD): 61 (± 14.4) years

• Gender, M/F: 1679/1173

• BMI, mean (SD): 30 (± 8.83) kg/m2

• ASA status I/II/III/IV: 19/407/1407/101

Interventions Intervention group (BIS)

• Randomized, n = 3021; losses = 160 (114 excluded: technical difficulties; did not meet inclusion criteria;
cancelled surgery; regional anaesthesia, sedation only, or TIVA; 46 lost to follow-up: died, unable to
be contacted, unable to communicate, declined to answer questions); analysed, n = 2861

• Details: BIS guided anaesthesia (BIS Quatro Sensor, Covidien), target values of 40 to 60 with audible
alarm set at these values

• ETAG concentrations could be viewed

Comparison group (ETAG)

• Randomized, n = 3020; losses = 168 (118 excluded for reasons above; 50 lost to follow-up for reasons
above); analysed, n = 2852

• Details: anaesthesia guided by ETAG concentrations between 0.7 MAC and 1.3 MAC with audible alarm
set at these values. BIS sensor was attached but anaesthetists were blinded to the display screen

Both groups: GA with isoflurane, sevoflurane or desflurane

Outcomes Outcomes measured/reported by study authors: incidence of definite and possible intraoperative
awareness

Outcomes relevant to the review: intraoperative awareness assessed using Brice questionnaire and
using Michigan Awareness Classification Instrument (assessed within 72 hours of surgery and at 30
days after extubation)

Notes Funding/declarations of interest: funded by the Foundation for Anesthesia Education and Research
and the American Society of Anesthesiologists; grant from the Winnigpeg Regional Health Authority
and the University of Manitoba Department of Anesthesia, and from departmental support

Study dates: May 2008 to May 2010

Note:

• also known as the BAG-RECALL study

• study reports baseline characteristics according to several risk factors for awareness

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "...6100 prerandomization designations were generated electronically
in blocks of 100, divided equally between the groups."

Allocation concealment
(selection bias)

Low risk Quote: "Labels indicating BIS group to ETAC group were sealed in opaque,
numbered envelopes"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "The anaesthesia practitioners were aware of the assignments of the
patients, but the patients, the postoperative interviewers, the expert review-
ers, and the statistician were not." Anaesthetists were able to see the ETAG val-
ues in each group

Avidan 2011  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The anaesthesia practitioners were aware of the assignments of the
patients, but the patients, the postoperative interviewers, the expert review-
ers, and the statistician were not."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 46 in the BIS group and 50 in the ETAG group were lost to follow-up. Losses
were relatively balanced between groups and were < 10%. A modified ITT
analysis were performed

Selective reporting (re-
porting bias)

Unclear risk Prospectively registered on clinical trials register (NCT00682825). We noted ad-
ditional secondary outcomes which were not included in the primary report
(e.g. PTSD, dreams, mortality, haemodynamic variables, dose and concentra-
tion). In addition, we noted a retrospectively published protocol (Avidan 2009).

Other bias Low risk We identified no other sources of bias

Avidan 2011  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 60

Country: Turkey

Setting: hospital; single centre

Inclusion criteria: informed consent; ASA I or II

Exclusion criteria: renal, hepatic or neurological dysfunction; use of benzodiazepines, anticonvul-
sants, alcohol, opioids or other psychotropic drugs

Type of surgery: open abdominal surgery

Experience of anaesthetist (in years or qualifications): anaesthesia residents ≥ 1 year's experience

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 42.1 (± 3.3) years

• Gender, M/F: 13/17

• Weight, mean (SD): 68.4 (± 4.8) kg

• Duration of anaesthesia, mean (SD): 85 (± 10.5) minutes

Comparison group (clinical signs)

• Age, mean (SD): 39 (± 4.5) years

• Gender, M/F: 12/18

• Weight, mean (SD): 65.1 (± 5.9) kg

• Duration of anaesthesia, mean (SD): 90.4 (± 8.7) minutes

Interventions Intervention group (BIS)

• Randomized, n = 30; losses = 0; analysed, n = 30

• Details: sevoflurane guided by BIS (Aspect A-2000 R), target values of 40 to 60

Comparison group (clinical signs)

Başar 2003 
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• Randomized, n = 30; losses = 0; analysed, n = 30

• Details; sevoflurane inhalation guided by clinical signs (blood pressure, heart rate, somatic response)

Both groups: premedication with atropine and diazepam. Induction with fentanyl, thiopental, and
rocuronium to facilitate intubation. Maintenance with sevoflurane in nitrous oxide/oxygen (50%/50%).
Signs of inadequate anaesthesia managed by increasing concentration of sevoflurane.

Outcomes Outcomes measured/reported by study authors: mean sevoflurane exposure (aged-adjusted MAC);
amount of sevoflurane used; immediate recovery times (time to open eyes on verbal command; time to
motor respond to verbal command); Aldrete score at 10 minutes: bradycardia; hypotension or hyper-
tension requiring treatment

Outcomes relevant to the review: time to eye opening

Notes Funding/declarations of interest: not reported

Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about the sequence generation process

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. However, it is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Başar 2003  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 50

Country: Turkey

Boztuğ 2006 
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Setting: hospital; single centre

Inclusion criteria: 18 to 75 years of age; ASA I or II patients undergoing craniotomy.

Exclusion criteria: any medication interaction with the central nervous system (antidepressant drugs,
anti-seizure drugs) or cardiopulmonary system (antihypertensive drugs, beta blockers); or a need for
postoperative ventilation or other psychotropic drugs

Type of surgery: supratentorial craniotomy

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 45 (± 11) years

• Gender, M/F: 13/11

• Weight, mean (SD): 71 (± 8) kg

• Duration of anaesthesia, mean (SD): 239 (± 30) minutes

Comparison group (clinical signs)

• Age, mean (SD): 50 (± 10) years

• Gender, M/F: 11/12

• Weight, mean (SD): 67 (± 12) kg

• Duration of anaesthesia, mean (SD): 222 (± 32) minutes

Interventions Intervention group (BIS)

• Randomized, n = 25; losses = 1; analysed, n = 24

• Details: sevoflurane guided by BIS (A-2000 EEG monitor, Aspect Medical Systems Inc, USA), target val-
ues of 40 to 60 during maintenance, and values of 60 to 70 during the last 15 minutes of surgery. If BIS
value rose to 55, additional fentanyl was given.

Comparison group (clinical signs)

• Randomized, n = 25; losses = 2; analysed, n = 23

• Details: sevoflurane inhalation guided by clinical signs (BP and HR, somatic response). If MAP in-
creased by 20% of baseline, fentanyl was administered, For inadequate decreases in haemodynamic
values, sevoflurane concentration increased by 20%

Both groups: premedication with midazolam. Induction with thiopental and fentanyl, followed by
cisatracurium to facilitate intubation. Maintenance with sevoflurane 0.8% to 1.5% with mix of oxy-
gen/air (50%/50%). Cisatracurium administered if needed.

Outcomes Outcomes measured/reported by study authors: average end tidal concentrations of sevoflurane; re-
covery times (from end of surgery to first spontaneous breathing; from end of surgery to eye opening;
from end of surgery to extubation; time to reach Aldrete score of 9 or 10; PACU stay); haemodynamic
variables

Outcomes relevant to the review: duration of PACU stay

Notes Funding/declarations of interest: supported by the Akdeniz University Faculty of Medicine Research
Application Center

Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Boztuğ 2006  (Continued)
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Random sequence genera-
tion (selection bias)

Low risk A computer-generated sequence of number was used

Allocation concealment
(selection bias)

Unclear risk A sealed envelope technique was used; insufficient information

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors did not report whether participants were blinded to group allo-
cation. However, it is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "3 patients were excluded from the study due to disconnection of BIS
probe (2) or artefact contamination (1)." Study authors do not report miss-
ing outcome data is managed, or to which group the missing participants be-
longed, however number of losses is < 10%

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or pub-
lished protocol. It is not feasible to effectively assess risk of reporting bias

Other bias Low risk We identified no other sources of bias

Boztuğ 2006  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 70

Country: Denmark

Setting: hospital; single centre

Inclusion criteria: both genders; ASA I and II; 1 to 65 years of age (see note below); undergoing elec-
tive ENT surgery (tonsillectomy, adenotomy, myringotomy, laryngoscopy, bronchoscopy and oe-
sophagoscopy, myringo-tympanoplasty)

Exclusion criteria: patient refusal; presence of psychiatric conditions; use of psychopharmacological,
antiepileptic or anti-arrhythmic medication; chronic use of opioids; intake of > 21 units of alcohol per
week

Type of surgery: elective ENT

Baseline characteristics

Intervention group (BIS)

• Weight, mean (SD): 75 (± 15) kg

• Height, mean (SD): 172 (± 9) cm

• Duration of anaesthesia, mean (SD): 47 (± 30) minutes

Comparison group (clinical signs):

• Weight, mean (SD): 77 (± 14) kg

Bresil 2013 
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• Height, mean (SD): 173 (± 10) cm

• Duration of anaesthesia, mean (SD): 50 (± 47) minutes

Interventions Intervention group (BIS):

• Randomized, n = 35; losses, n = 7 (5 received fentanyl at end of surgery; 2 were > 65 years of age);
analysed (per protocol), n = 28; analysed (ITT), n = 35

• Details: propofol maintenance with BIS (Covidien, USA), target values 45 to 60, with clinicians also
using clinical signs as a guide.

Comparison group (clinical signs):

• Randomized, n = 35; losses, n = 5 (3 received fentanyl of ketobemidone at end of surgery; 2 were > 65
years of age); analysed (per protocol), n = 30; analysed (ITT), = 35

• Details:TIVA with infusion rates guided by clinical judgement. BIS monitor was not visible to anaes-
thetist.

Both groups: no muscle relaxants, gas anaesthetic or premedication with benzodiazepine was used. In-
duction with remifentanil and propofol. Lidocaine used during laryngoscopy. Maintenance with propo-
fol, remifentanil.

Outcomes Outcomes measured/ reported by study authors: time to extubation; volumes of propofol and
remifentanil; hypotension, bradycardia; haemodynamic variables

Outcomes relevant to the review: none

Notes Funding/declarations of interest: department funding only. Study authors report no conflicts of inter-
est

Study dates: January 2010 to March 2012

Notes:

• study included participants of all ages. However, study authors reported data separately by age group.
We have included data only for participants aged 18 to 65 years of age

• study terminated early because investigators were employed in another department and not able to
recruit participants

• we did not conduct 'Risk of bias' assessment because study authors reported no outcomes relevant
to the review

• study is registered with clinical trial register (NCT01043952)

Bresil 2013  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 142

Country: Germany

Setting: multi-centre; 4 university anaesthesia departments.

Inclusion criteria: 18 to 80 years of age; written informed consent; undergoing minor surgery expected
to last ≥ 1 hour

Exclusion criteria: a history of any disabling central nervous or cerebrovascular diseases; hypersensi-
tivity to opioids or substance abuse; a treatment with opioids or any psychoactive medication

Bruhn 2005 
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Type of surgery: minor surgery expected to last ≥ 1 hour

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 46.3 (± 13.0) years

• Weight, mean (SD): 76.1 (± 19.0) kg

• Height, mean (SD): 170.8 (± 15.2) cm

• ASA status I/II/III: 32/38/1

• Duration of anaesthesia, mean (SD): 122.2 (± 62.2) minutes

• Duration of surgery, mean (SD): 85.1 (± 53.6) minutes

Comparison group (clinical signs)

• Age, mean (SD): 48.6 (± 14.5) years

• Weight, mean (SD): 77.7 (± 17.8) kg

• Height, mean (SD): 168.1 (± 12.9) cm

• ASA status I/II/III: 22/45/4

• Duration of anaesthesia, mean (SD): 120.4 (± 55.4) minutes

• Duration of surgery, mean (SD): 83.9 (± 47.6) minutes

Interventions Intervention group (BIS)

• Randomized, n = 71; losses = 0; analysed, n = 71

• Details: desflurane guided by BIS (A-2000 BIS monitor, XP sensor, Aspect Medical Systems, USA), tar-
get value of 50 during maintenance and of 60 during the last 15 minutes of surgery. If anaesthesia
judged inadequate despite the BIS values, remifentanil could be increased. Hypotension treated with
IV fluid replacement, desflurane concentration reduced or IV vasopressor given at a dose chosen by
the investigator. Bradycardia treated with atropine.

Comparison group (clinical signs)

• Randomized, n = 71; losses = 0; analysed, n = 71

• Details: desflurane guided by standard clinical signs. If inadequate anaesthesia, desflurane concen-
tration was increased in steps of 0.5 vol% as necessary, then increase in remifentanil. Hypotension
and bradycardia treated as for BIS group

Both groups: premedication with midazolam. Induction with remifentanil and propofol, cisatracuri-
um for tracheal intubation. Maintenance with remifentanil and desflurane. No neuromuscular blocking
agents were given intraoperatively.

Outcomes Outcomes measured/reported by study authors:

Desflurane consumption (end tidal concentrations); recovery times (time to open eyes; time to be extu-
bated; time to stating name; time to arrive in PACU; time to discharge from the PACU); occurrence of in-
traoperative recall (interviewed on POD1 and POD3)

Outcomes relevant to the review: intraoperative awareness; time to discharge from the PACU

Notes Funding/declarations of interest: supported by funding from Baxter, Inc., Germany

Study dates: not reported

Note:

• study included an additional group (AAI) which we did not include in the review

Risk of bias

Bruhn 2005  (Continued)
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "After enrolment the patients were randomized by drawing lots from a
closed box"

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. However, it is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Recovery times were recorded by a blinded investigator."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Bruhn 2005  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 60

Country: Germany

Setting: hospital; single centre

Inclusion criteria: 18 to 80 years of age; ASA status I to III; undergoing orthopaedic surgery expected to
last ≥ 1 hour in which regional anaesthesia for intra- and postoperative pain control for surgery to the
upper or lower extremity was used in combination with GA

Exclusion criteria: history of any disabling central nervous or cerebrovascular diseases; hypersensitivi-
ty to opioids or substance abuse; a treatment with opioids or any psychoactive medication

Type of surgery: minor orthopaedic surgery

Experience of anaesthetist (in years or qualifications): an experienced anaesthetist

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 50.6 (± 15.7) years

• Gender, M/F: 9/18

• Weight, mean (SD): 82.4 (± 15.7) kg

• Height, mean (SD): 171.5 (± 9.7) cm

Ellerkmann 2010 
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• ASA status I/II/III: 10/16/1

• Duration of anaesthesia, mean (SD): 100.0 (± 30.7) minutes

Comparison group (clinical signs)

• Age, mean (SD): 53.6 (± 18.4) years

• Gender, M/F: 12/15

• Weight, mean (SD): 76.7 (± 14.1) kg

• Height, mean (SD): 170/7 (± 11.3) cm

• ASA status I/II/III: 10/10/7

• Duration of anaesthesia, mean (SD): 119.5 (± 50.6) minutes

Interventions Intervention group (BIS)

• Randomized, n = 30; losses = 3 (2 insufficient regional anaesthesia;1 EEG data loss); analysed, n = 27

• Details: propofol infusion guided by BIS (A-2000 BIS monitor, Aspect Medical Systems Inc, USA), target
value of 50. Hypotension treated with IV fluid replacement and finally IV vasopressor. Bradycardia
treated with atropine. Additional bolus dose of propofol if sudden increase of BIS value > 65

Comparison group (clinical signs)

• Randomized, n = 30; losses = 3 (2 insufficient regional anaesthesia; 1 EEG data loss); analysed, n = 27

• Details: propofol guided by clinical parameters (BP, HR, sweating, tear production, movement). If
anaesthesia judged inadequate, propofol concentration was increased in steps as necessary. Hy-
potension was treated with IV fluid replacement, reduction in propofol and finally IV vasopressor.
Bradycardia treated with atropine

Both groups: premedication with midazolam. Induction with remifentanil and propofol. Cisatracurium
for intubation. Maintenance with propofol and remifentanil. No neuromuscular blocking agents were
given intraoperatively. An additional bolus dose of propofol could be given in the presence of an unex-
pected somatic intraoperative response.

Outcomes Outcomes measured/reported by study authors: propofol consumption; remifentanil consumption;
recovery (time to eye opening; time to extubation; time to reach Aldrete scores); BIS values; intraoper-
ative awareness (in recovery room; POD 1 and POD 3. NOTE: study authors do not report whether this
was assessed using an interview, a questionnaire, or was voluntarily reported by participants)

Outcomes relevant to the review: intraoperative awareness; time to eye opening

Notes Funding/declarations of interest: not reported

Study dates: not reported

Note:

• study authors reported an additional study group (Entropy) which we did not include in the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Patients were randomized by drawing lots from a closed box

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)

High risk Study authors do not report whether participants were aware of group alloca-
tion. It is not feasible to blind anaesthetists to group allocation

Ellerkmann 2010  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Due to insufficient regional anaesthesia or EEG data loss, 3 participants in each
of the BIS and standard practice groups had to be excluded from further inves-
tigation. Although this loss was 10% of participants, it was balanced between
groups

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Ellerkmann 2010  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 68

Country: Iran

Setting: hospital; single centre

Inclusion criteria: > 60 years of age; ASA status I to III; scheduled for elective abdominal surgery; nor-
mal healthy patients with mild systemic disease or patients with severe systemic disease with no im-
mediate danger of death

Exclusion criteria: people with psychotic disorders; dementia; previous cerebrovascular accident;
head trauma; drug abuse

Type of surgery: abdominal surgery

Baseline characteristics not reported. Study authors report that there were quote: "no significant dif-
ferences in age, sex, height, weight and physical status between the control and intervention groups"

Interventions Intervention group (BIS)

• Randomized, n = unknown (see notes below); losses, n = unknown; analysed, n = unknown

• Details: inspiratory concentration of isoflurane increased to BIS level of 45 to 65. For hypertension or
tachycardia, 50 µg IV fentanyl was given

Comparison group (clinical signs)

• Randomized, n = unknown (see notes below); losses, n = unknown; analysed, n = unknown

• Details: anaesthesia guided by blood pressure and heart rate. For hypertension or tachycardia, inspi-
ratory concentration of isoflurane was increased or 50 µg IV fentanyl was given

Both groups: induction with fentanyl, midazolam, propofol, and atracurium. Then isoflurane 1% or 2%,
nitrous oxide, and oxygen. Neostigmine and atropine given at end of anaesthesia

Outcomes Outcomes measured/ reported by study authors: recovery times (time to extubation; time to orien-
tation; time to transfer to PACU; time up to discharge from PACU); intraoperative awareness (on the fol-

Fakhr 2014 
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lowing day; asked if any memory of the surgery room and its events; asked if they heard anything dur-
ing surgery)

Outcomes relevant to the review: intraoperative awareness (not reported by study authors, see be-
low); time to orientation (not reported); duration of time in PACU

Notes Funding/declarations of interest: funded by the Research Council of Hamedan University of Medical
Sciences. Study authors declare no conflicts of interest

Study dates: not reported

Notes:

• we unsuccessfully attempted to contact study authors to clarify the number of participants in each
group and for data relating to intraoperative awareness and orientation.

• we did not include outcome data for this study in the review because we had no denominators for
each group

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Block randomization used

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Assessments made by an anaesthetist who was not aware of group allocation

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Study report included the total number of randomized participants, but did
not report how many were randomized to each group, and did not report num-
ber of analysed participants. Therefore, it was not possible to effectively as-
sess risk of attrition bias

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Fakhr 2014  (Continued)

 
 

Study characteristics

Methods RCT, multi-centre

Participants Total number of randomized participants: 268

Country: USA

Gan 1997 
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Setting: multi-centre; 4 institutions

Inclusion criteria: 18 to 80 years of age; ASA I to III; scheduled for general surgical procedures expected
to last at least 1 hour.

Exclusion criteria: known neurological disorders; uncontrolled hypertension; baseline systolic BP <
106 HR < 55; other serious medical conditions that would interfere with cardiovascular response as-
sessment.

Type of surgery: general surgical procedures ≥ 1 hour

Experience of anaesthetist (in years or qualifications): anaesthesia supervised by a faculty anaes-
thetist.

Baseline characteristics

Intervention group (BIS)

• Age, mean (range): 40 (37 to 43) years

• Gender, M/F: 37/78

• Weight (kg), mean (range): 80.0 (76.4 to 83.7) kg

• ASA status I/II/III: 45/65/5

• Duration of anaesthesia, mean (range): 108 (99 to 119) minutes

Comparison group (clinical signs)

• Age, mean (range): 41 (39 to 43) years

• Gender, M/F: 41/84

• Weight (kg), mean (range): 77.5 (74.3 to 80.7) kg

• ASA status I/II/III: 45/72/8

• Duration of anaesthesia, mean (range): 125 (114 to 135) minutes

Interventions Intervention group (BIS)

• Randomized, n = not reported; losses = not reported ; analysed, n =115

• Details: propofol guided by BIS (A-100 EEG monitor, Aspect Medical Systems Inc.), target values of 45
to 60 during maintenance and 60 to 75 at the end of surgery. Inadequate anaesthesia or hypotension
managed with increased or decreased alfentanil, respectively, if BIS was within the recommended
range. Hypotension and bradycardia managed with appropriate dose reductions, adjustment to fluid
states or other pharmacologic agents as needed.

Comparison group (clinical signs)

• Randomized, n = not reported ; losses = not reported; analysed, n = 125

• Details: propofol guided by clinical signs (increased blood pressure of greater than 20%, increased
heart rate of greater than 90 beats per minutes and other somatic responses). Inadequate anaesthe-
sia managed with increases in the doses of either alfentanil, propofol or an antihypertensive at the
discretion of the anaesthetist. Hypotension and bradycardia managed with appropriate dose reduc-
tions, adjustment to fluid states or other pharmacologic agents as needed.

Both groups: premedication with midazolam. Induction with propofol and alfentanil, then with 50% ni-
trous oxide. If necessary a neuromuscular blocking agent was given to facilitate tracheal intubation. Af-
ter intubation or insertion of LMA, additional neuromuscular blocking agents only administered if sur-
gically indicated.

Outcomes Outcomes measured/reported by study authors: normalized propofol infusion rate (µg/kg/hour);
mean propofol used (mg); normalized alfentanil infusion rate (µg/kg/min); time to open eyes (min);
time to respond to command (minutes); time to be extubated; time to be eligible to discharge from the
PACU; number of unwanted somatic and haemodynamic responses; intraoperative global assessment
score; % of patients arrived fully oriented to the postanaesthesia care unit (PACU); overall global nurs-
ing impression score

Gan 1997  (Continued)
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Outcomes relevant to the review: recovery (time to eye opening); time to be ready for discharge from
the PACU

Notes Funding/declarations of interest: sponsored in part by a grant from Aspect Medical Systems (MS,
USA). Some study authors received fees from Aspect Medical Systems

Study dates: not reported

Notes:

• study authors did not report number of participants randomized to each group, and did not report
to which group participant losses were from; 28 participants were excluded because of protocol vio-
lations

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The sequence of treatments was determined in blocks of 10 using a
random number generator."

Allocation concealment
(selection bias)

Low risk Quote: "Assignment to the study condition was determined using sequential
coded envelopes."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. However, it is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Patients were assessed continuously by a recovery room nurse who
blinded to the intraoperative treatment group assignment."

Incomplete outcome data
(attrition bias)
All outcomes

High risk Quote: "Twenty-eight patients were excluded from efficacy analysis due to
protocol violations for various reasons." As a result, there were 125 partici-
pants in the clinical signs group and 115 participants in the BIS group.

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Gan 1997  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 40

Country: unknown

Setting: hospital; single centre

Inclusion criteria: undergoing varicose vein surgery, ASA status I or II

Exclusion criteria: not specified in abstract

Georgakis 2000 
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Type of surgery: varicose vein surgery

Baseline characteristics not reported in abstract

Interventions Intervention group (BIS)

• Randomized, n = 20; losses, n = 0; analysed, n = 20

• Details: propofol titrated to achieve a BIS target value between 45 and 55

Comparison group (clinical signs)

• Randomized, n = 20; losses, n = 0; analysed, n = 20

• Details: depth of anaesthesia controlled by traditional clinical signs

Both groups: propofol using TIVA, fentanyl, vecuronium, and maintained with propofol in nitrous ox-
ide/oxygen (60%/40%). Additional increments of fentanyl and vecuronium as required

Outcomes Outcomes measured/ reported by study authors: recovery (time to extubation, time to eye opening,
time to response to command); propofol consumption; depth of anaesthesia (assessed using areas out-
side of target BIS values)

Outcomes relevant to the review: time to eye opening (see below)

Notes Funding/declarations of interest: funding not reported

Study dates: not reported

Note:

• study reported only as an abstract with limited detail

• study authors reported no data for relevant outcomes. Study authors stated quote: "The recovery
characteristics were comparable in two groups"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly allocated; no additional details

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not reported whether participants are aware of group alloca-
tion. However, it is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors do not report clinical trials registration of pre published proto-
col. It is not feasible to assess risk of reporting bias without these documents

Georgakis 2000  (Continued)
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Other bias Unclear risk Study report is an abstract and therefore, it is not feasible to assess other risks
of bias from this short report

Georgakis 2000  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 80

Country: China

Setting: hospital; single centre

Inclusion criteria: people with severe burns undergoing elective escharectomy within 1 week of injury;
ASA status II to III

Exclusion criteria: drug allergies; apparent heart, lung, liver or kidney dysfunction; BMI > 30 kg/m2

Type of surgery: elective escharectomy

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 42.5 (± 13.33) years

• Gender, M/F: 26/14

• Weight, mean (SD): 63.65 (± 9.29) kg

• Height, mean (SD): 167.75 (± 6.11) cm

• Duration of surgery: 178 (± 36.4) minutes

• TBSA, mean (SD): 0.39 (± 0.08)

Comparison group:

• Age, mean (SD): 39.95 (± 14.70) years

• Gender, M/F: 28/12

• Weight, mean (SD): 64.80 (± 10.80) kg

• Height, mean (SD): 166.55 (6.50) cm

• Duration of surgery: 183 (± 33.97) minutes

• TBSA, mean (SD): 0.42 (± 0.07)

Interventions Intervention group (BIS)

• Randomized, n = 40; losses, n = 0; analysed, n = 40

• Details: plasma concentration of propofol adjusted to maintain BIS target values of 40 to 60.

Comparison group (clinical signs)

• Randomized, n = 40; losses, n = 0; analysed, n = 40

• Details: plasma concentration of propofol adjusted according to BP, HR, and body movement

Both groups: remifentanil, and propofol via TCI, cisatracurium for tracheal intubation. Cisatracurium to
maintain muscle relaxation. During induction dopamine given if MAP decreased by > 20%. Ephedrine,
dopamine, atropine, esmolol, and urapidil were administered when necessary.

Guo 2015 
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Outcomes Outcomes measured/reported by study authors: haemodynamic variables; target concentrations
of remifentanil and propofol; BIS values; intraoperative awareness (time point of measurement, and
method of data collection was not reported)

Outcomes relevant to the review: intraoperative awareness

Notes Funding/declarations of interest: funding not reported. Study authors declare no conflicts of interest
Study dates: December 2011 to December 2012

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Use of a random-number table

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not reported whether participants are aware of group alloca-
tion. However, it is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors do not report clinical trials registration of pre published proto-
col. It is not feasible to assess risk of reporting bias without these documents

Other bias Low risk We identified no other sources of bias

Guo 2015  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 30

Country: Saudi Arabia

Setting: hospital; single centre

Inclusion criteria: morbidly obese (BMI > 35 kg/m2); ASA I or II; scheduled to undergo gastric band pro-
cedures

Exclusion criteria: renal, hepatic or neurological dysfunction; use of benzodiazepines, anticonvul-
sants, alcohol, opioids or other psychotropic drugs

Type of surgery: gastric banding procedures

Baseline characteristics

Ibraheim 2008 
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Intervention group (BIS)

• Age, mean (SD): 39 (± 4.5) years

• Gender, M/F: 9/6

• BMI, mean (SD): 43.2 (± 5.07) kg/m2

• Weight, mean (SD): 124.8 (± 11.6) kg

• Height, mean (SD): 176.6 (± 9.6) cm

• ASA status I/II: 8/7

• Duration of anaesthesia, mean (SD): 136.6 (± 13.7) minutes

Comparison group (clinical signs)

• Age, mean (SD): 41.21 (± 5.07) years

• Gender, M/F: 11/4

• BMI, mean (SD): 45.8 (± 7.5) kg/m2

• Weight, mean (SD): 126.8 (± 12.4) kg

• Height, mean (SD): 180.6 (± 8.3) cm

• ASA status I/II: 10/5

• Duration of anaesthesia, mean (SD): 138.9 (± 13.8) minutes

Interventions Intervention group (BIS)

• Randomized, n = 15; losses = 0; analysed, n = 15

• Details: sevoflurane guided by BIS (A-2000, Aspect Medical Systems Inc, USA), target values of 40 to
60 during maintenance.

Comparison group (clinical signs)

• Randomized, n = 15; losses = 0; analysed, n = 15

• Details: sevoflurane guided by signs of inadequate anaesthesia (increased BP of > 20%, increased HR
> 90 bpm and other somatic responses)

Both groups: induction with fentanyl, propofol, and succinylcholine. Maintenance with sevoflurane 2%
mixed with oxygen and air. Atracurium neuromuscular blockade maintained, and reversal with neostig-
mine and glycopyrrolate.

Outcomes Outcomes measured/reported by study authors: sevoflurane consumption during maintenance (mL/
hour); recovery (time to awakening - opening eyes on verbal command; time to extubation; time to
achieve Aldrete score of 9); pain scores; intraoperative awareness (at time of discharge from PACU, and
24 hours after surgery, participants asked whether they dreamt or recalled any intraoperative events)

Outcomes relevant to the review: intraoperative awareness; time to eye opening

Notes Funding/declarations of interest: not reported

Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient details

Allocation concealment
(selection bias)

Unclear risk No details

Ibraheim 2008  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were aware of group alloca-
tion. It is not feasible for anaesthetists to be blinded to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Blinded study personnel recorded recovery times. However, study authors did
not report whether outcome assessors who assessed intraoperative aware-
ness were blinded

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Ibraheim 2008  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 62

Country: India

Setting: hospital; single centre

Inclusion criteria: ASA status I or II; receiving halothane-based GA

Exclusion criteria: refusal to participate; psychiatric patients; chronic users of psychoactive medica-
tion; known or suspected EEG abnormality; abnormal liver function; conduction abnormalities; lost to
follow-up due to surgery exceeding 6-hour duration; change of anaesthetic plan

Type of surgery: study authors stated that surgery mostly comprised of open cholecystectomy and ab-
dominal hysterectomy

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 42.0 (± 8.92) years

• Gender, M/F:27/3

• Weight, mean (SD): 55.63 (± 8.15) kg

• ASA status I/II: 28/2

• Duration of anaesthesia: 1.63 (± 0.34) hours

Comparison group (ETAG)

• Age, mean (SD): 42.57 (± 8.57) years

• Gender, M/F: 26/4

• Weight, mean (SD): 56.63 (± 7.85)

• ASA status I/II: 27/3

• Duration of anaesthesia: 1.39 (± 0.32) hours

Jain 2016 
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Interventions Intervention group (BIS)

• Randomized, n = 31; losses, n = 1 (change in anaesthetic plan owing to bradycardia); analysed, n = 30

• Details: maintenance with 60% nitrous oxide and halothane titrated to maintain BIS (Aspect Medical
System, USA), target values of 40 to 60. Use of audible alarm,

Comparison group (ETAG)

• Randomized, n = 31; losses, n = 1 (surgery lasted more than 6 hours); analysed, n = 30

• Details: Spacelabs Healthcare 91518 multigas sidestream analyzer to measure ETAG. Audible alarm
when ETAG concentration was outside the range of 0.7 MAC to 1.3 MAC

Both groups: premedication with IV glycopyrrolate and nalbuphine. Induction with propofol, intu-
bation facilitated with rocuronium. Maintenance with 60% nitrous oxide and halothane, and use of
rocuronium as required. Reversal of neuromuscular blockade with neostigmine and glycopyrrolate.

Outcomes Outcomes measured/ reported by study authors: duration of surgery; duration of anaesthesia; time
to extubation

Outcomes relevant to the review: none

Notes Funding/declarations of interest: funding not reported. Study authors declare no conflicts of interest

Study dates: not reported

Note:

• we did not complete 'Risk of bias' assessment because study authors reported no outcomes relevant
to the review

Jain 2016  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 70

Country: unknown

Setting: hospital; single centre

Inclusion criteria: scheduled for open heart surgery

Exclusion criteria: unknown

Type of surgery: open heart surgery

Baseline characteristics not reported in abstract. Study authors reported no statistical differences
between groups

Interventions Intervention group (BIS)

• Randomized, n = 35; losses = 0; analysed, n = 35

• Details: propofol and remifentanil titrated to maintain BIS values between 35 and 45

Comparison group (clinical signs)

• Randomized, n = 35; losses = 0; analysed, n = 35

• Details: propofol and remifentanil titrated according to clinical data

Kabukcu 2012 
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Both groups: induction with fentanyl and etomidate, and vecuronium to facilitate tracheal intubation.
Maintenance with propofol and remifentanil

Outcomes Outcomes measured/reported by study authors: consumption of anaesthetic agents: intraoperative
awareness (time point and method of assessment is not specified); haemodynamic variables; BIS val-
ues

Outcomes relevant to the review: intraoperative awareness

Notes Funding/declarations of interest: not reported

Study dates: not reported

Note:

• study reported only as an abstract with limited detail

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants are randomized to groups; no additional information

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants are blinded to group alloca-
tion. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Unclear risk Study report is an abstract and therefore, it is not feasible to assess other risks
of bias from this short report

Kabukcu 2012  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 60

Country: Egypt

Setting: hospital; single centre

Kamal 2009 
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Inclusion criteria: informed consent; 45 to 60 years of age; ASA I to III; scheduled for elective moderate
abdominal surgical procedures; expected durations at least 2 hours.

Exclusion criteria: a history of any disabling central nervous or cerebrovascular disease; hypersensi-
tivity to opioids; substance abuse; treatment with opioids or any psychoactive medication; a BMI > 40

Type of surgery: abdominal surgery

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 51.6 (± 7.4) years

• Gender, M/F: 18/11

• Weight (kg), mean (SD): 87.6 (± 8.2) kg

• Duration of anaesthesia:111.7 (± 14.6) minutes

Comparison group (clinical signs)

• Age, mean (SD): 52.1 (± 5.2) years

• Gender, M/F: 20/8

• Weight (kg), mean (SD): 91.4 (± 6.5) kg

• Duration of anaesthesia: 108.7 (± 10.5) minutes

Interventions Intervention group (BIS)

• Randomized, n = 30; losses = 1 (desaturated intra-operatively); analysed, n = 29

• Details: sevoflurane guided by BIS (Aspect Medical Systems, USA), target values of 50 to 60 during
maintenance and target values of 55 to 70 at the end of surgery. Hypertension or tachycardia were
managed according to BIS values. Hypertension or tachycardia occurred the treatment was depen-
dent on the BIS index - if BIS value > 60, sevoflurane was increased, if BIS already in the target range,
then fentanyl was given. If BIS value < 50, sevoflurane was decreased and patient was checked for
signs of analgesia

Comparison group (clinical signs)

• Randomized, n = 30; losses = 2 (received excessive fentanyl near end of surgery); analysed, n = 28

• Details: sevoflurane or fentanyl guided by clinical signs (mean arterial blood pressure > 25 above base-
line >25% above baseline or heart rate > 90 beats per minutes) or labetalol at the discretion of attend-
ing anaesthetist. For hypertension or tachycardia, sevoflurane was increased, or administration of
fentanyl or labetalol

Both groups: induction with propofol and fentanyl, then atracurium. Maintenance with sevoflurane and
nitrous oxide/oxygen (50%/50%), and intermittent boluses of atracurium. Hypotension treated with IV
fluid replacement or decrease in sevoflurane concentration, or finally by ephedrine or phenylephrine.
Bradycardia treated with reduction in sevoflurane or with atropine. Residual neuromuscular blockade
was reversed with glycopyrrolate and neostigmine

Outcomes Outcomes measured/reported by study authors: recovery times (time to eye opening; time to extu-
bation; time to orientation; time to arrival in the PACU; time to discharge from the PACU); sevoflurane
consumption; propofol and fentanyl consumption; end-tidal concentration of sevoflurane; incidence
of intraoperative awareness (POD 1, POD 2, and POD 3; interviewed about any recall of events, sounds,
feeling surgical instruments or dressings, or dreaming)

Outcomes relevant to the review: intraoperative awareness; time to orientation; time to discharge
from the PACU

Notes Funding/declarations of interest: not reported

Study dates: January 2006 to July 2007

Kamal 2009  (Continued)
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Patients were randomly selected and assigned into two groups of 30 patients
each. Method of randomization is not reported

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants are blinded to group alloca-
tion. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 3 participants were excluded. However, these losses were fewer than 10%

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Kamal 2009  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 214

Country: Iran

Setting: hospital; single centre

Inclusion criteria: scheduled for non-emergency caesarean section; gestational age of 37 to 42 weeks;
lack of any systemic disorder; ASA status I or II; 15 to 45 years of age; no chronic drug abuse; no prior
history of heart, liver or kidney disorder; maximum surgery duration of 60 minutes; undergoing surgery
by one surgeon

Exclusion criteria: intubation for more than 35 seconds; pre-eclampsia or chronic hypertension; mor-
bid obesity; ASA status > II; systemic or mental disorder; duration of surgery > 90 minutes

Type of surgery: non-emergency caesarean

Baseline characteristics are not reported

Interventions Intervention group (BIS):

• Randomized, n = 107; losses, n = 0; analysed, n = 107

• Details: use of narcotics, anaesthetic gases and medications if increase in BP or HR or if BIS target
value was > 60

Kamali 2017a 
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Comparison group (clinical signs)

• Randomized, n = 107; losses, n = 0; analysed, n = 107

• Details: adjustments of narcotics, anaesthetic gases and medications for increase in BP, HR, tears in
the eyes or limb movements

Both groups: induction with thiopental and succinylcholine. Maintenance with nitrous oxide/oxygen
(50%/50%) and 1% isoflurane, and atracurium if required. Fentanyl given after delivery

Outcomes Outcomes measured/ reported by study authors: intraoperative awareness (interview and question-
naire at 12 hours and 24 hours after surgery); haemodynamic variables

Outcomes relevant to the review: intraoperative awareness

Notes Funding/declarations of interest: support from Arak University of Medical Sciences. Study authors de-
clare no conflicts of interest

Study dates: not specified

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Participants were blinded to group allocation. However, it was not feasible to
blind anaesthetists to group allocation.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Awareness was evaluated by a trainee anaesthetist, to ensure blinding of out-
come assessors

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Retrospective clinical trial registration (ChiCTR-TRC-1200239); it is not feasible
to effectively assess risk of reporting bias from this document

Other bias Unclear risk Study authors do not report baseline characteristics table, and we could not
be certain whether characteristics were equivalent between groups

Kamali 2017a  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 82

Country: Turkey

Karaca 2014 
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Setting: hospital; single centre

Inclusion criteria: ASA I to II; 20 to 60 years of age; undergoing elective surgery for supratentorial mass
lesions under general anaesthesia

Exclusion criteria: cardiac failure; renal failure; anaemia; ischaemic heart disease; liver disease; gas-
trointestinal system disease; diabetes mellitus; hypothalamus pituitary gland disorders; diuretic use;
hypoalbuminaemia; hyperglycaemia; electrolyte imbalance; alcohol consumption; requiring hormone
replacement therapy; pregnancy or lactating women; psychiatric condition

Type of surgery: neurosurgery

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 48.83 (± 14.73) years

• Gender, M/F: 24/17

• BMI, mean (SD): 26.21 (± 4.32) kg/m2

• Weight, mean (SD): 74.61 (± 12.93) kg

• Height, mean (SD): 168.78 (± 7.11) cm

• ASA status, mean (SD): 1.46 (0.51)

Comparison group (clinical signs)

• Age, mean (SD): 48.17 (± 15.78) years

• Gender, M/F: 18/23

• BMI, mean (SD): 27.10 (± 4.33) kg/m2

• Weight, mean (SD): 74.02 (± 11.28) kg

• Height, mean (SD): 166.05 (± 9.21) cm

• ASA status, mean (SD): 1.49 (0.51)

Interventions Intervention group (BIS)

• Randomized, n = 41; losses, n = 0; analysed, n = 41

• Details: induction with initial dose of 1 mg/kg propofol with 20 mg additional doses until BIS was < 60,
then remifentanil. Maintenance with propofol infusion initiated at 8 mg/kg/hour and continued in 40
mg doses to maintain BIS target values between 40 and 60

Comparison group (clinical signs)

• Randomized, n = 41; losses, n = 0; analysed, n = 41

• Details: induction with 2 mg/kg propofol, then remifentanil. Maintenance with propofol infusion start-
ed at a dose of 8 mg/kg/hour and decreased by 2 mg/kg/hour at 10-minute intervals. Adjustments
made according to haemodynamic parameters to maintain MAP and HR within 20% baseline

Both groups: premedication with midazolam. Vecuronium to facilitate intubation. Maintenance with
propofol, remifentanil and use of rocuronium

Outcomes Outcomes measured/ reported by study authors: intraoperative awareness (participants were asked
quote: "the last event they recalled about the surgery"; time point of assessment is not specified); re-
covery times (time to eye opening; time to spontaneous breathing; Aldrete scores at 20 minutes); TOF
values; fluid balance; bleeding volume; consumption of propofol, remifentanil, and rocuronium; dura-
tion of surgery; haemodynamic variables

Outcomes relevant to the review: intraoperative awareness; time to eye opening

Notes Funding/declarations of interest: not reported

Study dates: not reported

Karaca 2014  (Continued)
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Note:

• intervention and control group received different doses of propofol for induction and maintenance

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Use of quote: "closed envelope method" for randomization; no additional de-
tails

Allocation concealment
(selection bias)

Unclear risk See above; insufficient details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were aware of group alloca-
tion. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Karaca 2014  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 96

Country: Iran

Setting: hospital; single centre

Inclusion criteria: 15 to 65 years of age

Exclusion criteria: personality disorder; neurological disorders; prior history of head trauma; drug
abuse; drugs that affect the central nervous system; craniofacial anomalies; abnormal forehead; un-
controlled blood pressure (SBP > 150 mmHg and DBP > 105 mmHg); insulin-dependent diabetes; BMI >
33; emergency operation; ASA class ≥ II

Type of surgery: open renal surgery

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 41.18 (± 12.64) years

Khoshrang 2016 
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• Gender, M/F: 31/17

• BMI, mean (SD): 24.9 (± 3.54) kg/m2

Comparison group (clinical signs)

• Age, mean (SD): 43.64 (± 16.46) years

• Gender, M/F: 32/16

• BMI, mean (SD): 26.24 (± 3.8) kg/m2

Interventions Intervention group (BIS)

• Randomized, n = 48; losses, n = 0; analysed, n = 48

• Details: anaesthesia guided by BIS (Aspect A2000, USA), target values between 40 and 60. If BIS value
increased above 60, then 20% more than initial dose of remifentanil was given

Comparison group (clinical signs)

• Randomized, n = 48; losses, n = 0; analysed, n = 48

• Details: depth of anaesthesia based on HR, BP, respiratory rate, sweating, tearing, and pupil dilation.
Remifentanil (at 20% more than initial dose) given for a 20% increase in baseline haemodynamic pa-
rameters

Both groups: induction with propofol, fentanyl, and then atracurium. Maintenance, propofol and
remifentanil. Nitrous oxide and oxygen used for inhalation anaesthesia with atracurium IV

Outcomes Outcomes measured/reported by study authors: recovery times (time to: eye opening; verbal re-
sponse to verbal stimulation; extubation; stay in the PACU); first-time to narcotic usage; total dosage of
IV narcotics

Outcomes relevant to the review: time to eye opening; length of stay in the PACU (see notes)

Notes Funding/declarations of interest: quote: "no financial relationship with any organization". Study au-
thors report no conflicts of interest

Study dates: October 2014 to October 2015

Notes:

• length of stay in PACU is not clearly reported. In the discussion section of the study report, study au-
thors state "except for time of discharging from recovery unit in all other cases, the BIS group took
statistically significantly less time that the clinical groups"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Study authors use block randomization

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Assessment of discharge from PACU based on Aldrete score ≥ 9, by an anaes-
thetist who was blinded to group allocation

Khoshrang 2016  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk No losses

Selective reporting (re-
porting bias)

Unclear risk Study was retrospectively registered with a clinical trials register (IRC-
T2015042111766N2). It is not feasible to use this document to effectively as-
sess risk of reporting bias

Other bias Low risk We identified no other sources of bias

Khoshrang 2016  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 40

Country: Korea

Setting: hospital; single centre

Inclusion criteria: scheduled for elective CABG

Exclusion criteria: not specified

Type of surgery: elective CABG

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 59.5 (± 13.6) years

• Gender, M/F: 12/7

• Weight, mean (SD): 60.1 (± 9.8) kg

• Height, mean (SD): 160.0 (± 5.0) cm

• Duration of anaesthesia: 330 (± 35) minutes

Comparison group (clinical signs)

• Age, mean (SD): 58.1 (± 15.4) years

• Gender, M/F: 13/7

• Weight, mean (SD): 59.8 (± 10.1) kg

• Height, mean (SD): 159.5 (± 4.8) cm

• Duration of anaesthesia: 335 (± 25) minutes

Interventions Intervention group (BIS)

• Randomized, n = 20; losses, n = 1 (participant excluded due to temperature changes that required
additional treatment/clinical management); analysed, n = 19

• Details: anaesthesia maintained with BIS (A-2000; Aspect Medical System, USA), target values of 40
to 50

Comparison group (clinical signs)

• Randomized, n = 20; losses, n = 0; analysed, n = 20

• Details: anaesthesia maintained mainly according to SBP

Kim 2003 
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Both groups: anaesthesia with propofol, fentanyl, and vecuronium. Participants were given 12 words
during surgery, which they were asked if they recalled

Outcomes Outcomes measured/ reported by study authors: intraoperative awareness (interview on second
postoperative day); consumption of propofol, fentanyl, and morphine

Outcomes relevant to the review: intraoperative awareness

Notes Funding/declarations of interest: not reported in abstract

Study dates: not specified

Note:

• study report is in Korean. We did not seek translation. Data have been taken from the English abstract,
and tables which were reported in English. Some key paragraphs were translated using Google Trans-
late.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not specify whether participants were aware of group alloca-
tion. Not feasible to blind anaesthetists from group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Loss of only one participant in the BIS group

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Unclear risk We did not seek full translation of this study report, and we could not be cer-
tain whether the study included other sources of bias

Kim 2003  (Continued)

 
 

Study characteristics

Methods RCT parallel design

Participants Total number of randomized participants: 80

Country: Germany

Kreuer 2003 
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Setting: hospital; single centre

Inclusion criteria: 18 to 80 years of age; ASA I to III; scheduled to undergo minor orthopaedic surgery
expected to last at least one hour.

Exclusion criteria: disabling central nervous or cerebrovascular diseases; hypersensitivity to opioid;
substance abuse; treatment with opioids or any psychoactive medication

Type of surgery: minor orthopaedic surgery lasted ≥ 1 hour

Overall duration of anaesthesia, if reported: 121.2 (± 40.9) minutes (BIS); 108.2 (± 44.2) minutes (clin-
ical signs)

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 43.8 (± 4.2) years

• Gender, M/F: 20/20

• Weight (kg), mean (SD):78.3 (± 13.8) kg

• Height (cm), mean (SD):171.2 (± 8.1) cm

• ASA status I/II/III: 12/25/3

• Duration of anaesthesia: 121.2 (± 40.9) minutes

Comparison group (clinical signs)

• Age, mean (SD): 46.1 (± 14.5) years

• Gender, M/F:20/20

• Weight (kg), mean (SD): 82.7 (± 17.8) kg

• Height (cm), mean (SD): 172.6 (± 7.8) cm

• ASA status I/II/III: 12/24/4

• Duration of anaesthesia: 108.2 (± 44.2) minutes

Interventions Intervention group (BIS)

• Randomized, n = 40; losses =0 ; analysed, n =40

• Details: propofol guided by a BIS monitor (A-2000, software version 3.2), target value at 50. Then at 15
minutes before end of surgery target BIS level changed to 60. If anaesthesia inadequate and BIS target
had been achieved, the infusion rate of remifentanil increased. Hypotension initially treated with IV
fluids and finally a vasopressor IV given. Bradycardia treated with atropine.

Comparison group (clinical signs)

• Randomized, n = 40; losses = 0; analysed, n =40

• Details: TCI propofol guided by standard clinical signs. If inadequate anaesthesia, propofol, target
concentration increased in steps as necessary. If this was insufficient, then infusion rate of remifen-
tanil increased. Hypotension treated with IV fluid, then propofol concentration reduced in steps and
finally a vasopressor IV given. Bradycardia treated with atropine

Both groups: premedication with diazepam. Induction with remifentanil and propofol, then cisatracuri-
um to facilitate tracheal intubation. Propofol TCI and remifentanil for maintenance. Metamizol for
postoperative pain relief.

Outcomes Outcomes measured/reported by study authors: normalized propofol infusion rate; normalized
remifentanil infusion rate; time to open eyes; time to be extubated; time to arrive in PACU; intraopera-
tive awareness (study authors did not report time point or method of assessment); number of patients
receiving intervention to treat intraoperative hypotension; haemodynamic variables

Outcomes relevant to the review: intraoperative awareness

Notes Funding/declarations of interest: departmental support only

Kreuer 2003  (Continued)
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Study dates: not reported

Note:

• study authors included an additional study group (Narcotrend) which we did not include in the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: ".. patients were randomized by drawing lots from a closed box."

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. However, it is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Recovery times and propofol consumption were recorded by a blind-
ed investigator."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Kreuer 2003  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 80

Country: Germany

Setting: hospital

Inclusion criteria: men or women; 18 to 80 years of age; ASA physical status I to III; scheduled for minor
orthopaedic surgery expected to last ≥ 1 hour

Exclusion criteria: history of any disabling central nervous or cerebrovascular disease; hypersensitivi-
ty to opioids or substance abuse; treatment with opioids or any psychoactive medication

Type of surgery: minor orthopaedic surgery expected to last at least 1 hour

Baseline characteristics

Intervention group (BIS)

Kreuer 2005 
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• Age, mean (SD): 46.5 (± 14.1) years

• Gender, M/F: 20/20

• Weight, mean (SD): 79.3 (± 16.2) kg

• Height, mean (SD): 171 (± 11.2) cm

• ASA status I/II/III: 7/30/30

• Duration of anaesthesia, mean (SD): 113 (± 57) minutes

Comparison group (clinical signs)

• Age, mean (SD): 43.6 (± 16) years

• Gender, M/F: 20/20

• Weight, mean (SD): 79.0 (± 17.4) kg

• Height, mean (SD): 172.0 (± 11.2) cm

• ASA status (or other illness severity score): 11/27/2

• Duration of anaesthesia, mean (SD): 125 (± 51) minutes

Interventions Intervention group (BIS)

• Randomized, n = 40; losses = 0; analysed, n = 40

• Details: desflurane guided by a BIS monitor (A-2000 BIS monitor version XP), target value of 50 during
maintenance and of 60 during last 15 minutes of surgery. If required remifentanil was adjusted.

Comparison group (clinical signs)

• Randomized, n = 40 ; losses = 0; analysed, n = 40

• Details: desflurane guided by standard clinical signs. If required desflurane concentration was in-
creased/decreased, then remifentanil.

Both groups: premedication with midazolam, induction with remifentanil and propofol and atracurium
to facilitate tracheal intubation. Maintenance with remifentanil and desflurane. Hypotension treated
with IV fluid replacement, then IV vasopressor. Bradycardia treated with atropine. Use of metamizol for
postoperative analgesia.

Outcomes Outcomes measured/reported by study authors: time taken (spontaneous eye opening; extubation;
arrival in PACU); BIS values; desflurane consumption; end-tidal desflurane concentrations; infusion
rates of remifentanil; MAP; use of vasopressors and atropine; intraoperative recall (interview on first
and third postoperative day),

Outcomes relevant to the Review: intraoperative awareness

Notes Funding/declarations of interest: department funding only

Study dates: not reported

Note:

• study included an additional group (Narcotrend) which we did not include in the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: ".. patients were randomized by drawing lots from a closed box."

Allocation concealment
(selection bias)

Unclear risk Not specified

Kreuer 2005  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors did not report whether participants were blinded to group allo-
cation. However, it is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Recovery times were recorded by a blinded investigator."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Prospective clinical trials registration or published protocol not reported. It
was not feasible to assess risk of reporting bias

Other bias Low risk We identified no other sources of bias

Kreuer 2005  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 160

Country: Switzerland

Setting: hospital; single centre

Inclusion criteria: scheduled for gynaecological surgery lasting > 15 minutes; under GA

Exclusion criteria: central nervous system disease (i.e. history of cerebrovascular disease or epilepsy);
taking EEG-affecting drugs; ASA status > III

Type of surgery: gynaecological surgery

Baseline characteristics

Intervention group (BIS desflurane)

• Age, mean (SD): 45.2 (± 17.5) years

• BMI, mean (SD): 25.6 (± 5.7) kg/m2

• Weight, mean (SD): 67.8 (±13.3) kg

• ASA status I/II/III: 22/15/3

• Duration of anaesthesia, mean (SD): 100.5 (± 58.2) minutes

Intervention group (BIS propofol)

• Age, mean (SD): 46.3 (± 15.4) years

• BMI, mean (SD): 24.4 (± 4.5) kg/m2

• Weight, mean (SD): 64.5 (± 11.1) kg

• ASA status I/II/III: 21/18/1

• Duration of anaesthesia, mean (SD): 91.1 (± 66.5) minutes

Comparison group (clinical signs desflurane)

• Age, mean (SD): 47.1 (± 17.8) years

Luginbuhl 2003 

Bispectral index for improving intraoperative awareness and early postoperative recovery in adults (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

70



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• BMI, mean (SD): 26.2 (± 5.8) kg/m2

• Weight, mean (SD): 70.2 (± 15.9) kg

• ASA status I/II/III: 15/22/3

• Duration of anaesthesia, mean (SD): 90.9 (± 53.6) minutes

Comparison group (clinical signs propofol)

• Age, mean (SD): 48.7 (± 15.7) years

• BMI, mean (SD): 25.6 (± 4.3) kg/m2

• Weight, mean (SD): 68.6 (± 11.9) kg

• ASA status I/II/III: 22/16/2

• Duration of anaesthesia, mean (SD): 90.5 (± 70.3) minutes

Interventions Intervention group (BIS propofol)

• Randomized, n = 40; losses = 0; analysed, n = 40

• Details: induction and maintenance with TCI propofol and boluses of fentanyl. Propofol guided by BIS
(Aspect A-2000, Aspect Medical Systems, USA),

Intervention group (BIS desflurane)

• Randomized, n = 40; losses = 0; analysed, n = 40

• Details: induction with propofol and fentanyl, maintenance with desflurane and top-up doses of fen-
tanyl. Desflurane guided by BIS, target values between 45 and 55 during surgery. Vecuronium given
before increasing anaesthetic drug

Comparison group (clinical signs propofol)

• Randomized, n = 40; losses = 0; analysed, n = 40

• Details: propofol using standard clinical guide (haemodynamic and vital signs criteria)

Comparison group (clinical signs desflurane)

• Randomized, n = 40; losses = 0; analysed, n = 40

• Details: desflurane using standard clinical guide (haemodynamic vital signs criteria)

All groups: premedication with midazolam or lorazepam. Intubation facilitated with vecuronium; venti-
lation with mix of oxygen and air. Remifentanil at discretion of attending anaesthetist. Muscle relaxants
and opioids administered according to clinical criteria

Outcomes Outcomes measured/reported by study authors: intraoperative data (HR, BP etc.); anaesthetic drug
use; inadequate hypnosis with potential for explicit recall (BIS > 60 for > 3 minutes; BIS > 65 for > 4 min-
utes); haemodynamic variables; recovery (Aldrete score; extubation times); patient satisfaction (to in-
clude nausea and vomiting)

Outcomes relevant to the Review: intraoperative awareness (described as quote: "explicit recall of
events during anaesthesia"; time point or method of measurement was not reported)

Notes Funding/declarations of interest: funding from Research Fund of the Department of Anesthesiology,
University Hospital of Bern, Switzerland

Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "...the patients were randomized into four groups by drawing lots from
sealed envelopes."

Luginbuhl 2003  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Insufficient information

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "The patients, the PACU nurses and the nurses on the ward were blind-
ed to the allocation of the patients". However, it is not feasible to blind the
anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The patients, the PACU nurses and the nurses on the ward were blind-
ed to the allocation of the patients"

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Prospective clinical trials registration or published protocol not reported. It
was not feasible to assess risk of reporting bias

Other bias Low risk We identified no other sources of bias

Luginbuhl 2003  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 21,601

Country: USA

Setting: multi-centre; 3 hospitals within one medical centre

Inclusion criteria: > 18 years of age; anaesthesia using inhalational or intravenous technique; avail-
ability for follow-up interviews

Exclusion criteria: intracranial procedures; adhesive allergy; psychosis; history of traumatic brain in-
jury

Type of surgery: any surgical case that did not involve the forehead

Risk of awareness: unselected population

Baseline characteristics

Intervention group (BIS)

• Age, median (IQR): 53 (41 to 64) years

• Gender, M/F: 4237/5223

• BMI, median (IQR): 28 (24 to 33) kg/m2

Comparison group (ETAG)

• Age, median (IQR): 53 (41 to 64) years

• Gender, M/F: 4199/5177

• BMI, median (IQR): 28 (25 to 33) kg/m2

Interventions Intervention group (BIS)

Mashour 2012 
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• Randomized, n = 10,831; losses = 1371 (due to death or lack of response); analysed for awareness, n
= 9460 (use of ITT analysis defined as those who were randomized to the group and interviewed at
30 days; NOTE: 3384 participants did not receive intervention because of technical problems with BIS
monitors)

• Details: electronic alerts in the event of median BIS values more than 60

Comparison group (ETAG)

• Randomized, n = 10,770; losses = 1394 (due to death or lack of response); analysed, n = 9376 (use of
ITT analysis defined as those who were randomized to the group and interviewed at 30 days)

• Details: electronic alerts for median age-adjusted MAC level of less than 0.5

Outcomes Outcomes measured/reported by study authors: definite intraoperative awareness (using modified
Brice interview; single interview 28 to 30 days after surgery via telephone. In the event of a reported in-
cident, participant had another more detailed interview); anaesthetic consumption; time to readiness
to discharge from the PACU; PONV; BIS values; MAC values

Outcomes relevant to the review: intraoperative awareness; time to discharge from the PACU

Notes Funding/declarations of interest: supported by the Cerebral Function Monitoring grant; National In-
stitutes of Health; Department of Anesthesiology, University of Michigan Medical School

Study dates: May 2008 to May 2010

Note:

• operating rooms were randomized every 3 months based on even or odd room numbers to have elec-
tronic alerts for BIS or for MAC values. Thus, the study involved a cross-over design of location

• stopped early because futility boundaries had been met, at a pre-specified target sample of 2/3

• 3384 participants did not receive BIS monitoring because of technical problems with the device. These
participants were included in a post-hoc analysis and included as a separate group ("no interven-
tion"). Study authors conducted post-hoc analysis and found a reduction in intraoperative awareness
when BIS was used compared to participants in the "no intervention" group. For analysis of outcomes
other than awareness, we used the number of analysed participants as only those who received ef-
fective BIS monitoring (6076 participants) as reported by study authors

• baseline characteristics report data regarding risk factors for awareness

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was performed using a random-number, comput-
er-generated block scheme based on even or odd operating room number"

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Participants were unaware of group allocation. However, it is not feasible to
blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Patients, postoperative interviewers, and all case reviewers were
blinded to group assignment"

Incomplete outcome data
(attrition bias)
All outcomes

High risk Quote: "Of the 9,460 patients randomized to the BIS intervention and suc-
cessfully interviewed, 3,384 or 36% did not have BIS data recorded because of
technical issues described in Materials and Methods.This population was used

Mashour 2012  (Continued)
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for secondary analysis only as a post hoc control group because it had neither
intervention;"

Selective reporting (re-
porting bias)

Low risk Prospectively registered with clinical trials register (NCT00689091); outcomes
relevant to the review were reported according to this prospectively published
document

Other bias Low risk We identified no other sources of bias

Mashour 2012  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 46

Country: Japan

Setting: hospital; single centre

Inclusion criteria: without hypertension or obesity; ASA I to II; 18 to 65 years of age

Exclusion criteria: not reported

Type of surgery: laparotomy; laparoscopy; surgery on extremities; arthroscopy; surface; head; neck

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 33 (± 9) years

• Gender, M/F: 5/15

• Weight, mean (SD): 55 (± 9) kg

• Height, mean (SD): 159 (± 8) cm

• Duration of anaesthesia: 190 (± 46) minutes

Comparison group (clinical signs)

• Age, mean (SD): 37 (± 14) years

• Gender, M/F: 4/15

• Weight, mean (SD): 58 (± 12) kg

• Height, mean (SD): 160 (± 9) cm

• Duration of anaesthesia: 191 (± 57) minutes

Interventions Intervention group (BIS)

• Randomized, n = 20; losses = 0; analysed, n = 20

• Details: propofol infusion guided by BIS (A-1050), target value of 40 to 60

Comparison group (clinical signs)

• Randomized, n = 19; losses = 0; analysed, n = 19

• Details: propofol guided by standard clinical signs

Outcomes Outcomes measured/reported by study authors: propofol infusion rate; propofol consumption; re-
covery (time to discharge from the PACU); intraoperative responses (definition not described in English
abstract)

Masuda 2002 
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Outcomes relevant to the review: time to discharge from the PACU

Notes Funding/declarations of interest: unknown

Study dates: unknown

Note:

• we did not seek translation of the full-text (written in Japanese) during the review update; we collected
information from the English abstract and from baseline characteristics tables in the full text

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information

Allocation concealment
(selection bias)

Unclear risk Insufficient information

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk It was uncertain whether study authors reported prospective clinical trials reg-
istration, therefore it is not feasible to assess risk of reporting bias

Other bias Unclear risk Insufficient information reported in English abstract to assess risks of other
bias

Masuda 2002  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 60

Country: Japan

Setting: hospital; single centre

Inclusion criteria: participants undergoing various surgical procedures under sevoflurane with nitrous
oxide anaesthesia; ASA I or II; surgery scheduled to last 2 to 6 hours; 18 to 70 years of age

Exclusion criteria: unknown

Type of surgery: various

Morimoto 2002 
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Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 53 (± 12) years

• Gender, M/F: 10/11

• Weight, mean (SD): 55 (± 8) kg

• Duration of anaesthesia, mean (SD): 274 (± 85) minutes

Comparison group (clinical signs)

• Age, mean (SD): 55 (± 9) years

• Gender, M/F: 11/14

• Weight, mean (SD): 61 (± 13) kg

• Duration of anaesthesia, mean (SD): 256 (± 72) minutes

Interventions Intervention group (BIS)

• Randomized, n = unknown (see notes below); losses = unknown; analysed, n = 21

• Details: sevoflurane guided by BIS (A 1050, version 3.4), target values of 40 to 60 during maintenance
and target values of 60 to 75 at the end

Comparison group (clinical signs)

• Randomized, n = unknown (see notes below); losses = unknown; analysed, n = 25

• Details: sevoflurane guided by clinical signs (HR and BP)

Outcomes Outcomes measured/reported by study authors: sevoflurane consumption; fentanyl and vecuroni-
um required; recovery (time to eye opening; time to extubation; time to discharge from recovery room)

Outcomes relevant to the review: time to discharge from recovery room

Notes Funding/declarations of interest: unknown

Study dates: unknown

Note:

• we did not seek translation of the full-text (written in Japanese) during the review update; we collected
information from the English abstract and from baseline characteristics tables in the full text

• we were not certain how many participants were randomized to each group, and to which group par-
ticipant losses belonged

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information

Allocation concealment
(selection bias)

Unclear risk Insufficient information

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk It is not feasible to blind anaesthetists to group allocations

Blinding of outcome as-
sessment (detection bias)

Unclear risk Insufficient information

Morimoto 2002  (Continued)
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All outcomes

Incomplete outcome data
(attrition bias)
All outcomes

High risk 14 participants were excluded: 11 participants excluded because surgery was
either longer than 6 hours or shorter than 2 hours, and 3 patients excluded be-
cause of mechanical dysfunction of BIS. It is unclear whether these losses were
balanced between groups

Selective reporting (re-
porting bias)

Unclear risk It was uncertain whether study authors reported prospective clinical trials reg-
istration, therefore it is not feasible to assess risk of reporting bias

Other bias Unclear risk Insufficient information reported in English abstract to assess risks of other
bias

Morimoto 2002  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 333

Country: Iran

Setting: hospital; single centre

Inclusion criteria: ASA status I to III; 18 to 65 years of age; scheduled for elective abdominal surgery
under GA

Exclusion criteria: cardiopulmonary disorders; history of head trauma; cerebrovascular accident; psy-
chotic disorders; dementia; depression; history of drug or substances abuse; lack of sufficient fluency
in Persian language

Type of surgery: abdominal ("most frequent surgery was laparoscopy, cholecystectomy")

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 47.39 (± 18.87) years

• Gender, M/F: 63/100

Comparison group (clinical signs)

• Age, mean (SD): 48.17 (± 19.21) years

• Gender, M/F: 58/112

Interventions Intervention group (BIS)

• Randomized, n = 163; losses, n = 0; analysed, n = 163

• Details: anaesthesia was maintained with haemodynamic variables and BIS (danmeter-CSM1) values
45 to 65

Comparison group (clinical signs)

• Randomized, n = 170; losses, n = 0; analysed, n = 170

• Details: anaesthesia maintained with routine monitoring

Both groups: induction with sufentanil, thiopental, and atracurium. Maintenance with isoflurane or
halothane with nitrous oxide

Mozafari 2014 
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Outcomes Outcomes measured/reported by study authors: intraoperative awareness (using questionnaire;
time point of assessment is not specified); haemodynamic parameters

Outcomes relevant to the review: intraoperative awareness (see note below)

Notes Funding/declarations of interest: supported by Research Council of Hamadan University of Medical
Sciences

Study dates: not specified

Note:

• we noted an unusually high incidence of intraoperative awareness. We could not explain reasons for
this from information presented in the study report

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Use of permutated block randomization

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants are aware of group alloca-
tion. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Mozafari 2014  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 40

Country: India

Setting: hospital; single centre

Inclusion criteria: undergoing elective CABG

Muralidhar 2008 
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Exclusion criteria: poor ventricular function < 40%; leN ventricular aneurysms; renal or hepatic dys-
function; requiring extra corporeal circulation; preoperative or intraoperative intra-aortic balloon
pump; presence of unstable angina; carotid stenosis; cerebrovascular accident; excessive alcohol in-
take; drug abuse

Type of surgery: elective oI-pump CABG

Baseline characteristics

Intervention group (BIS isoflurane)

• Age, mean (SD): 50 (± 6) years

• Gender, M/F: 9/1

• Weight, mean (SD): 71 (± 5) kg

Intervention group (BIS propofol)

• Age, mean (SD): 52(± 7) years

• Gender, M/F: 8/2

• Weight, mean (SD): 71 (± 6) kg

Comparison group (ETAG isoflurane)

• Age, mean (SD): 50 (± 4) years)

• Gender, M/F: 8/2

• Weight, mean (SD): 71 (± 6) kg

Comparison group (ETAG propofol)

• Age, mean (SD): 47 (± 5) years

• Gender, M/F: 10/0

• Weight, mean (SD): 71 (± 4) kg

Interventions Intervention group (BIS isoflurane)

• Randomized, n =10 ; losses = 0; analysed, n = 10

• Details: maintenance with isoflurane to maintain BIS (Zipprep, Aspect Medical System, Natick, MA,
USA), target value of 50 (± 5)

Intervention group (BIS propofol)

• Randomized, n = 10 ; losses = 0; analysed, n = 10

• Details: BIS-guided propofol administration, target value of 50 (± 5)

Comparison group (ETAG isoflurane)

• Randomized, n =10 ; losses = 0; analysed, n = 10

• Details: no BIS-guided isoflurane anaesthesia, maintaining end tidal isoflurane 1 to 1.2%,

Comparison group (propofol - no BIS)

• Randomized, n =10 ; losses = 0; analysed, n = 10

• Details: no BIS-guided propofol anaesthesia, propofol 6 to 8 mg/kg/hour during sternotomy and 4 to
6 mg/kg/hour during maintenance

All groups: anti-hypertensive and anti-anginal medication continued until the morning of surgery. Pre-
medication with diazepam. Induction with midazolam, fentanyl and thiopentone. Pancuronium bro-
mide for intubation. Haemodynamic parameters maintained within 20% baseline with dopamine,
phenylephrine, and glyceryl trinitrate, as required. Perioperative analgesic using rectal diclofenac

Muralidhar 2008  (Continued)
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Outcomes Outcomes measured/reported by study authors: intraoperative awareness (structured interview in
the ICU, 18 hours after extubation); volume of anaesthetic agents; time to extubation; length of ICU and
hospital stay

Outcomes relevant to the review: intraoperative awareness

Notes Funding/declarations of interest: not reported

Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information regarding the sequence generation process

Allocation concealment
(selection bias)

Unclear risk Quote: "Patients were randomly divided into four groups by a sealed envelope
technique.." Insufficient information

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. However, it is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Prospective clinical trials registration or published protocol not reported. It
was not feasible to assess risk of reporting bias

Other bias Low risk We identified no other sources of bias

Muralidhar 2008  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 2463

Country: Australia

Setting: hospital; multi-centre

Inclusion criteria: 18 years of age or older; scheduled for surgery under GA; at least one of risk factors
for awareness, i.e. caesarean section, high-risk cardiac surgery, acute trauma with hypovolaemia, rigid
bronchoscopy, significant impairment of cardiovascular status, severe end-stage lung disease, past
history of awareness, unplanned awake intubation, known or suspected heavy alcohol intake, chronic
benzodiazepine or opioid use, or current protease inhibitor therapy

Myles 2004 
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Exclusion criteria: inadequate comprehension of English language; traumatic brain injury; memory
impairment; psychosis; known or suspected EEG abnormality; not expected to be available for postop-
erative interview

Type of surgery: minor (208 participants), intermediate (457 participants), major (1808 participants)

Risk of awareness: see inclusion criteria

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 58.1 (± 16.5) years

• Gender, M/F: 752/473

• Weight, mean (SD): 72.7 (± 17.6) kg

• ASA status I/II/III/IV/V: 111/179/542/388/5

• Duration of anaesthesia, median (IQR): 3.2 (1.5 to 4.4) hours

Comparison group (clinical signs)

• Age, mean (SD): 57.5 (± 16.9) years

• Gender, M/F: 784/454

• Weight, mean (SD): 74.2 (±17.7) kg

• ASA status I/II/III/IV/V: 127/227/520/354/10

• Duration of anaesthesia, median (IQR): 3.1 (1.3 to 4.5) hours

Interventions Intervention group (BIS)

• Randomized, n = 1248; losses = 23 (13 surgery cancelled; 6 consent withdrawn; 4 did not receive GA);
analysed for intraoperative awareness, n = 1225 (modified ITT analysis to include 14 participants who
did not receive BIS monitoring)

• Details: choice of anaesthetic agents was at the discretion of the attending anaesthetist. BIS-guided
anaesthesia (A-2000, version 3.4, Aspect Medical Systems), a target BIS value of 40 to 60

Comparison group (clinical signs)

• Randomized, n = 1263; losses = 15 (13 surgery cancelled; 2 under age); analysed for intraoperative
awareness, n = 1238 (modified ITT analysis to include 6 participants who did not receive BIS monitor-
ing)

• Details: BIS monitors were applied to each participant but attending anaesthetists were not able to
see the display. Anaesthesia guided by routine clinical management

Outcomes Outcomes measured/reported by study authors: confirmed intraoperative awareness (interviews
using a structured questionnaire at 3 time points: 2 to 6 hours after surgery; 24 to 36 hours postoper-
atively; and 30 days postoperatively); possible awareness; recovery times (eye opening; eligibility for
discharge from the PACU); hypnotic drug administration; hypotension; anxiety and depression; patient
satisfaction; major complications; 30 day mortality

Outcomes relevant to the review: confirmed intraoperative awareness; time in the PACU (only for
participants who were transferred to the PACU); time to eye opening (only for participants who were
transferred to the PACU)

Notes Funding/declarations of interest: funded by project grants from: the Austrailian and New Zeland Col-
lege of Anaesthetists; the Alfred Hospital Research Trust; Royal Hobart Hospital Research Foundation;
the Centre for Encouragement of Philanthropy in Australia. One author (P Myles) was funded by an Aus-
tralian National Health and Medical Research Council Practioner's Fellowship. Loan of equipment and
some unrestricted funding from Aspect Medical Systems, and one author (K Leslie) received support for
travel and conference expenses from Aspect Medical Systems. Study sponsors had no involvement in
study design, data analysis or data interpretation

Study dates: September 2000 to December 2002
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Notes:

• we have added an associated publication to this study; Leslie 2005a was previously reported as a sep-
arate study in previous versions of the review.

• also known as B-Aware trial

• study report includes baseline characteristics according to different risk factors

• we did not include in analysis data for time to eye opening because it was reported in median (IQR)
values - BIS group (for 547 participants admitted to the PACU): 9 minutes (5 to 14 minutes); clinical
signs group (for 576 participants admitted to the PACU): 10 minutes (5 to 15 minutes)

• we did not include in analysis data for time to discharge from the PACU because it was reported in
median (IQR) values - BIS group (for 547 participants admitted to the PACU): 63 minutes ( 40 to 95 min-
utes); clinical signs group (for 576 participants admitted to the PACU): 66 minutes (40 to 100 minutes)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random group allocation

Allocation concealment
(selection bias)

Low risk Central allocation

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants are blinded to group alloca-
tion. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Follow-up was undertaken by a blinded observer."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 40 participants were withdrawn because of cancellation of surgery, withdraw-
al of consent, GA was not used; or participants were under age

Selective reporting (re-
porting bias)

Unclear risk Study authors do not report registration with clinical trials register or details of
pre published protocol. Therefore, It is not feasible to assess risk of reporting
bias

Other bias Low risk We identified no other sources of bias

Myles 2004  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 62

Country: Finland

Setting: hospital; single centre

Inclusion criteria: females; ASA status I or II; 18 to 50 years of age; normal body weight; scheduled for
gynaecological laparoscopy

Nelskyla 2001 

Bispectral index for improving intraoperative awareness and early postoperative recovery in adults (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

82



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Exclusion criteria: procedures that involved tubal ligation

Type of surgery: gynaecologic laparoscopy

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 32 (± 6) years

• Gender, M/F: all women

• Weight, mean (SD): 60 (± 7) kg

• Height, mean (SD): 166 (± 5) cm

• Duration of anaesthesia: 59 (± 39) minutes

Comparison group (clinical signs)

• Age, mean (SD): 32 (± 6) years

• Gender, M/F:

• Weight, mean (SD): 61 (± 6) kg

• Height, mean (SD): 166 (± 6) cm

• Duration of anaesthesia: 55 (± 50) minutes

Interventions Intervention group (BIS)

• Randomized, n = 32; losses = 0; analysed, n = 32

• Details: sevoflurane guided by BIS (Aspect version 3.21), target values of 50 to 60. If BP or HR increased
to > 25% above baseline and BIS was within target range, alfentanil was given

Comparison group (clinical signs)

• Randomized, n = 30; losses = 0; analysed, n = 32

• Details: sevoflurane guided by clinical signs (BP and HR), and adjusted to 0.94%. BIS also recorded in
control group, but anaesthetist blinded to the monitor. BP and HR maintained within 25% baseline
by adjusting end-tidal concentration, then alfentanil if required.

Both groups: premedication with diazepam. Then glycopyrrolate and fentanyl, induction with propofol,
with rocuronium to facilitate intubation and maintained throughout anaesthesia. Manual ventilation
of lungs with 50% nitrous oxide in air and 1.5% sevoflurane. Residual neuromuscular blockade reversal
with neostigmine and glycopyrrolate. At the end of anaesthesia, participants were given ketoprofen

Outcomes Outcomes measured/reported by study authors: PONV; volume of anaesthetic agents; recovery
times (time to extubation; spontaneous eye opening; response to commands; orientation; tolerate oral
fluids; able to sit; able to walk; home readiness); postoperative analgesics; pain

Outcomes relevant to the review: time to spontaneous eye opening; time to orientation

Notes Funding/declarations of interest: supported by Helsinki University Central Hospital Clinical Research
Funds

Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No detailed information regarding adequate sequence generation process

Allocation concealment
(selection bias)

Unclear risk Not specified

Nelskyla 2001  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group. It is
not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No missing outcome data

Selective reporting (re-
porting bias)

Unclear risk Prospective clinical trials registration or published protocol not reported. It
was not feasible to assess risk of reporting bias

Other bias Low risk We identified no other sources of bias

Nelskyla 2001  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 90

Country: Italy

Setting: hospital; single centre

Inclusion criteria: participants scheduled for abdominal surgery under GA expected to last > 30 min-
utes; 18 to 75 years of age

Exclusion criteria: history of neurologic disease; medication affecting central nervous system; alcohol
and drug abuse

Type of surgery: general abdominal surgery > 30 minutes

Baseline characteristics not reported by group.

Mean age: 42 to 48 years; mean weight: 60 to 71 kg; mean height: 160 to 172 cm; mean duration of
anaesthesia: 74 to 102 minutes

Interventions Intervention group (BIS)

• Randomized, n = 45; losses = 0; analysed, n = 45

• Details: sevoflurane and remifentanil guided by BIS (Version 3.22), target values of 40 to 60.

Comparison group (clinical signs)

• Randomized, n = 45; losses = 0; analysed, n = 45

• Details: anaesthetic administration without BIS information,

Both groups: premedication with diazepam. Induction with remifentanil and TPS, and vecuronium
to facilitate tracheal intubation and for maintaining neuromuscular blockade during surgery. Mainte-
nance with sevoflurane and remifentanil. Reversal of residual neuromuscular blockade if needed. Post-
operative analgesia achieve with tramadol and ketorolac by elastomeric pump started 50 minutes be-
fore end of surgery

Paventi 2001 
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Outcomes Outcomes measured/reported by study authors: consumption of anaesthetic drugs; recovery (time
to spontaneous breathing; time to extubation; time to eye opening; time to orientation); BIS levels;
cost; intraoperative awareness (interview one hour after surgery about any memory in the operating
room)

Outcomes relevant to the review: intraoperative awareness (not clearly reported); recovery times
(orientation; time to eye opening)

Notes Funding/declarations of interest: not reported

Study date: not reported

Notes:

• we did not include in analysis data for time to eye opening because it was reported in median (range)
values: BIS group 3.0 minutes (1.0 to 10.0 minutes); clinical signs group 6.0 minutes (1.5 to 15 minutes)

• we did not include in analysis data for time to orientation because it was reported in median (range)
values: BIS group 6.0 minutes (3.5 to 25 minutes); clinical signs group 11 minutes (3.9 to 35 minutes)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information

Allocation concealment
(selection bias)

Unclear risk Insufficient information

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. It is not feasible to blind anaesthetists to study groups

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "All recovery parameters were assessed by the same research coordina-
tor not involved in treatment of the patient."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Paventi 2001  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 100

Country: Turkey

Payas 2013 
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Setting: hospital; single centre

Inclusion criteria: ASA status II to III; 30 to 65 years of age; having a cardiac problem but no previous
history of cardiac surgery; scheduled for elective open cholecystectomy under GA

Exclusion criteria: ASA status III with decompensated heart failure or history of myocardial infarction
in the last 6 months; liver failure; chronic renal insufficiency; history of neurological and psychiatric dis-
eases; respiratory system diseases; alcohol and drug use; history of allergy

Type of surgery: elective open cholecystectomy

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 52.68 (± 8.70) years

• Gender, M/F: 19/31

• Weight, mean (SD): 72.28 (± 13.52) kg

• Height, mean (SD): 164.98 (± 9.11) cm

• ASA status II/III: 8/42

Comparison group (clinical signs)

• Age, mean (SD): 55.58 (± 8.24) years

• Gender, M/F: 20/30

• Weight, mean (SD): 70.54 (± 12.99) kg

• Height, mean (SD): 165.94 (± 8.68) cm

• ASA status II/III: 9/41

Interventions Intervention group (BIS)

• Randomized, n = 50; losses, n = 0; analysed, n = 50

• Details: desflurane ETVAC adjusted using BIS (BIS XP monitor, Aspect A-2000, USA), target values at
50 to 60.

Comparison group (clinical signs)

• Randomized, n = 50; losses, n = 0; analysed, n = 50

• Details: desflurane ETVAC was titrated according to haemodynamic responses, according to a 20%
change from baseline in HR and MAP values

Both groups: premedication with midazolam, induction with fentanyl, etomidate, and rocuronium for
tracheal intubation and to maintain neuromuscular blockade. Maintenance with nitrous oxide/oxygen
(50%/50%) and desflurane

Outcomes Outcomes measured/ reported by study authors: duration of anaesthesia; total opioid dose; total
dose of neuromuscular blockade; extubation duration; time to reach an Aldrete recovery score of ≥ 9;
haemodynamic variables; BIS values

Outcomes relevant to the review: none

Notes Funding/declarations of interest: study authors report quote: "Financial disclosure: N/A". Study au-
thors report no conflicts of interest

Study dates: not reported

Note:

• we did not complete 'Risk of bias' assessment because study authors did not report outcomes relevant
to the review

Payas 2013  (Continued)
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Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 45

Country: Croatia

Setting: hospital; single centre

Inclusion criteria: ≥ 18 years of age; ASA status II or III

Exclusion criteria: memory impairment; psychosis; known or suspected electroencephalograph ab-
normality; chronic use of psychoactive medication; surgery lasting > 6 hours

Type of surgery: major abdominal surgery

Baseline characteristics

Intervention group (BIS)

• Age, median (range): 64.5 (39 to 84) years

• Gender, M/F: 11/9

• BMI, median (range): 26.5 (17.5 to 35) kg/m2

• ASA status, median (range): II (II to III)

• Duration of surgery, median (range): 195 (130 to 280) minutes

Comparison group (clinical signs)

• Age, median (range): 66.5 (25 to 81) years

• Gender, M/F: 10/10

• BMI, median (range): 25.5 (21 to 30) kg/m2

• ASA status, median (range): III (II to IV)

• Duration of surgery, median (range): 166 (150 to 245) minutes

Interventions Intervention group (BIS)

• Randomized, n = unclear (see note below); losses, n = unclear (see note below); analysed, n = 20

• Details: BIS monitor (Aspect Medical Systems, USA), target values of 50 to 60

Comparison group (clinical signs)

• Randomized, n = unclear (see note below); losses, n = unclear (see note below); analysed, n = 20

• Details: BIS monitor was attached to participant but screen was blinded to anaesthetist. Participants
received routine anaesthesia care

Both groups: induction with midazolam, fentanyl, and vecuronium to facilitate tracheal intubation. For
maintenance 1.5 to 2 MAC of sevoflurane, nitrous oxide in 50% oxygen, fentanyl and vecuronium

Outcomes Outcomes measured/ reported by study authors: BIS values; haemodynamic variables; surgery time;
extubation time; intraoperative recall (interview on first postoperative day); adverse events or side ef-
fects

Outcomes relevant to the review: intraoperative awareness

Notes Funding/declarations of interest: no financial support and study authors report no conflicts of inter-
est

Study dates: February 2011 to July 2011

Persec 2012 
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Notes:

• we noted a discrepancy in the reported number of participants. We have used number of participants
as reported in the baseline characteristics table rather than the flow-chart. We note that 5 participants
were excluded but we are uncertain to which group these participants belonged

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants are aware of group alloca-
tion. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Retrospective clinical trials registration (NCT01470898). It was not feasible to
use this report to assess risk of reporting bias

Other bias Unclear risk Although study authors described no statistically significant differences be-
tween groups, we noted that study authors reported baseline characteristics
using median values which may indicate data that is skewed. We noted that
the control group had a higher median and range values for ASA status; this
may indicate an important clinical difference between groups

Persec 2012  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 30

Country: India

Setting: hospital; single centre

Inclusion criteria: 18 to 70 years of age; undergoing either CAGB or valve replacement under car-
diopulmonary bypass (CPB)

Exclusion criteria: neurological disorders; poor ventricular function; New York Heart Association grade
IV; diabetes mellitus; impaired renal or hepatic function

Type of surgery: CAGB or valve replacement under CPB

Puri 2003 
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Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 38.25 (± 14.02) years

• Weight (kg), mean (SD): 53.17 (± 7.92) kg

• Height (m), mean (SD): 1.65 (± 0.10) m

• Duration of surgery (min): 295 (± 45) minutes

Comparison group (clinical signs)

• Age, mean (SD): 32.08 (± 13.84) years

• Weight (kg), mean (SD): 51.17 (± 14.33) kg

• Height (m), mean (SD): 1.64 (± 0.10) m

• Duration of surgery (min): 285 (± 40) minutes

Interventions Intervention group (BIS)

• Randomized, n = 14; losses = 0; analysed, n =14

• Details: inhaled Isoflurane administration guided by BIS (Aspect A-1000, version 3.1), target values of
45 to 55 throughout procedure except last 30 minutes when titrated to 65 to 75. If hypertension or
tachycardia occurred whilst the BIS range was normal then morphine 0.05 to 0.1 mg/kg was given IV,
before using vasodilators or beta-blocking drugs.

Comparison group (clinical signs)

• Randomized, n = 16; losses = 0; analysed, n =16

• Details: inhaled Isoflurane administration guided by clinical signs. BIS monitor attached but out of
viewpoint to the anaesthetist. If hypertension or tachycardia occurred whilst the BIS range was normal
then morphine 0.05 to 0.1 mg/kg-1 was given IV, before using vasodilators or beta-blocking drugs.

Both groups: premedication with diazepam. Induction with morphine, midazolam and thiopental. Ve-
curonium to facilitate tracheal intubation. Maintenance with isoflurane, 66% nitrous oxide in oxygen,
and morphine. Isoflurane discontinued once skin suturing completed

Outcomes Outcomes measured/reported by study authors: number of haemodynamic disturbances (hyperten-
sion; tachycardia; hypotension; bradycardia); recovery endpoint (time from switching oI anaesthetic
vaporizer to opening eyes or response to verbal commands); time to tracheal extubation
awareness (interview on first postoperative day)

Outcomes relevant to the review: intraoperative awareness; time to eye opening

Notes Funding/declarations of interest: not reported

Study dates: not reported

Note: during the search in 2019, we identified an abstract by the same author team (Puri 1999) which
also compared BIS with clinical signs in people undergoing CABG. The number of randomized partici-
pants in each study differed but we could not be certain whether Puri 1999 was an interim publication
of Puri 2003. We did not include Puri 1999 as a separate study in this review; we added this reference as
an associated reference to Puri 2003.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Use of computer-generated random numbers

Puri 2003  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants are blinded to group alloca-
tion. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Puri 2003  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 160

Country: Bangladesh

Setting: hospital; multi-centre (2 hospitals)

Inclusion criteria: either gender; 18 to 65 years of age; ASA status I or II; undergoing surgery under GA

Exclusion criteria: < 18 years of age or > 65 years of age; ASA status III or IV

Type of surgery: mixed surgeries (urology; orthopaedics; ENT; gynaecological; dental; general)

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 36.16 (± 9.8) years

• Gender, M/F: 42/38

• Duration of anaesthesia: 75.22 (± 7.23) minutes

Comparison group:

• Age, mean (SD): 37.66 (± 13.51) years

• Gender, M/F: 49/31

• Duration of anaesthesia: 82.68 (± 9.67) minutes

Interventions Intervention group:

• Randomized, n = 80; losses, n = 0; analysed, n = 80

• Details: anaesthesia guided by BIS, target values of 40 to 60, and use of PRST

Rahul 2015 
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Comparison group:

• Randomized, n = 80; losses, n = 0; analysed, n = 80

• Details: anaesthetists used PRST scoring system to monitor depth of anaesthesia

Both groups: premedication with midazolam and fentanyl. Induction with propofol and vecuronium.
Maintenance with sevoflurane and nitrous oxide/oxygen (60%/40%).

Outcomes Outcomes measured/ reported by study authors: PRST scores; BIS scores; duration of anaesthesia;
intraoperative awareness (interview at 24 hours postoperatively according to Modified Brice Question-
naire)

Outcomes relevant to the review: intraoperative awareness

Notes Funding/declarations of interest: study authors declare no financial or competing interests

Study dates: not specified

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not clearly specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants are blinded to group alloca-
tion. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Unclear risk We noted an imbalance between groups in types of surgery, e.g. more partici-
pants in the BIS group had gynaecological surgery. We were uncertain whether
these differences could influence results

Rahul 2015  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 34

Raksakietisak 2016 
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Country: Thailand

Setting: hospital; single centre

Inclusion criteria: 18 to 80 years of age; undergoing spinal surgery with neurophysiology monitoring

Exclusion criteria: not specified

Type of surgery: spinal surgery

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 50.1 (± 11.6) years

Comparison group (clinical signs)

• Age, mean (SD): 48.0 (± 12.1) years

Interventions Intervention group (BIS)

• Randomized, n = 17; losses, n = 0; analysed, n = 17

• Details: BIS monitor used to adjust dose of propofol (range of target values were not specified)

Comparison group (clinical signs):

• Randomized, n = 17; losses, n = 0; analysed, n = 17

• Details: clinical signs used to guide anaesthesia

Both groups: TIVA via TCI propofol, fentanyl, and atracurium

Outcomes Outcomes measured/ reported by study authors: TCI propofol levels; extubation time

Outcomes relevant to the review: none

Notes Funding/declarations of interest: funding from Siriraj Research Development Fund

Study dates: January 2014 to January 2016

Notes:

• study is reported as an abstract only

• possible clinical trial registration (NCT02174913), which we have not confirmed with the study authors

• we did not complete 'Risk of bias' assessment because study authors reported no outcomes relevant
to the review

Raksakietisak 2016  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 60

Country: USA

Setting: hospital; single centre

Inclusion criteria: undergoing laparoscopic general surgery procedures (e.g. cholecystectomy; gastric
bypass/banding; hernia repair)

Recart 2003 
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Exclusion criteria: history of central nervous system disease; chronic use of psychoactive medication;
clinical significant cardiovascular, renal, hepatic or endocrinology disorders

Type of surgery: laparoscopic general surgery procedures (e.g. cholecystectomy, gastric bypass/band-
ing, hernia repair)

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 47 (± 17) years

• Gender, M/F: 9/21

• Weight, mean (SD): 87 (± 23) kg

• Duration of anaesthesia: 125 (± 52) minutes

Comparison group (clinical signs)

• Age, mean (SD): 46 (± 15) years

• Gender, M/F: 10/20

• Weight, mean (SD): 83 (± 34) kg

• Duration of anaesthesia, mean (SD): 127 (± 38) minutes

Interventions Intervention group (BIS)

• Randomized, n = 30; losses = 0; analysed, n = 30

• Details: desflurane guided by BIS (BIS TM sensor XP, Aspect Medical Systems Inc, USA), target values
of 45 to 55

Comparison group (clinical signs)

• Randomized, n = 30; losses = 0; analysed, n = 30

• Details: desflurane guided by clinical signs

Both groups: premedication with midazolam. Induction with propofol and fentanyl, and rocuronium to
facilitate tracheal intubation. Maintenance with desflurane 4% combined with air and oxygen, titrated
in 1% to 2% increments. Fentanyl given to maintain stable haemodynamics, and labetalol as required.
Residual neuromuscular block antagonized with neostigmine and glycopyrrolate.

Outcomes Outcomes measured/reported by study authors: end-tidal concentrations of desflurane; fentanyl,
rocuronium, labetalol use; recovery (time to eye opening; time to extubation; time to obey commands;
time in PACU; time to reach Aldrete score of 10; time to reach fast-track score of > 12); intraoperative
awareness (assessed at discharge from the PACU and at 24 hours postoperatively); pain scores; PONV

Outcomes relevant to the review: intraoperative awareness; recovery (time in the PACU)

Notes Funding/declarations of interest: supported in part by an educational grant from Alaris Medical Sys-
tems; salary support from the Margaret Milam McDermot Distinguished Chair of Anesthesiology

Study dates: not reported

Notes:

• study included an additional group (auditory evoked potential) which we did not include in the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about the sequence generation process

Recart 2003  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: " Emergence times were determined .......by a blinded observer."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other risks of bias

Recart 2003  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 40

Country: Turkey

Setting: hospital; single centre

Inclusion criteria: scheduled for radical mastectomy; ASA I or II; 18 to 50 years of age

Exclusion criteria: not specified in English abstract

Type of surgery: radical mastectomy

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 43.9 (± 9.6) years

• Weight, mean (SD): 66.5 (± 9) kg

• Height, mean (SD):

• Duration of anaesthesia: 207.8 (± 36.9) minutes

Comparison group (clinical signs):

• Age, mean (SD): 44.1 (± 11.4) years

• Weight, mean (SD): 66.2 (± 12.5)

• Height, mean (SD): 161.6 (± 4.2)

• Duration of anaesthesia: 211.1 (± 55.7) minutes

Interventions Intervention group (BIS):

Savli 2005 
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• Randomized, n = 20; losses, n = 0; analysed, n = 20

• Details: sevoflurane guided by BIS, target values maintained at 50 to 60

Comparison group (clinical signs):

• Randomized, n = 20; losses, n = 0; analysed, n = 20

• Details: sevoflurane adjusted according to pupil diameter, haemodynamic variables, and presence of
tears

Both groups: sevoflurane and nitrous/oxide (70%/30%)

Outcomes Outcomes measured/ reported by study authors: recovery times (time to extubation; time to eye
opening; time to orientation; and time to reaching Aldrete score of 9); dose of sevoflurane

Outcomes relevant to the review: time to eye opening; time to orientation

Notes Funding/declarations of interest: not specified

Study dates: not specified

Notes:

• study published in Turkish. We have extracted available information and data only from the English
abstract and from tables in the main text

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Described as randomized; no additional information in English abstract

Allocation concealment
(selection bias)

Unclear risk Not specified in English abstract

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Not specified in English abstract. However, it is not feasible to blind anaes-
thetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified in English abstract

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses; data taken from English abstract, and from tables within
the main text

Selective reporting (re-
porting bias)

Unclear risk Not specified in English abstract

Other bias Unclear risk It is not feasible to fully assess other risks of bias from the English abstract only

Savli 2005  (Continued)
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Methods Quasi-randomized trial, parallel design

Participants Total number of randomized participants: 60

Country: Pakistan

Setting: hospital; single centre

Inclusion criteria: ≥ 60 years of age; ASA status I or II; no significant organ damage; requiring GA with
endotracheal intubation and controlled mode ventilation; undergoing general and gynaecological
surgeries expected to last 2 to 6 hours

Exclusion criteria: history of psychiatric illness; alcohol abuse; altered state of mind; requiring head,
neck or laparoscopic surgeries

Type of surgery: general and gynaecological

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 64 (± 4.68) years

• Gender, M/F: 8/22

• BMI, mean (SD): 26.46 (± 9.88) kg/m2

• Weight, mean (SD): 66.37 (± 12.49) kg

• Height, mean (SD): 158.38 (± 9.88) cm

Comparison group (clinical signs/ETAG)

• Age, mean (SD): 62.80 (± 3.14) years

• Gender, M/F: 8/22

• BMI, mean (SD): 26.66 (± 3.46) kg/m2

• Weight, mean (SD): 64.24 (± 13.73) kg

• Height, mean (SD): 157.78 (± 7.43) cm

Interventions Intervention group (BIS)

• Randomized, n = 30; losses, n = 0; analysed, n = 30

• Details: isoflurane titrated using BIS target values of 45 to 55

Comparison group (clinical signs/ETAG)

• Randomized, n = 30; losses, n = 0; analysed, n = 30

• Details: isoflurane titrated according to routine clinical parameters (such as HR, BP, and end-tidal con-
centration in the form of MAC)

Both groups: premedication with midazolam. Induction with propofol, fentanyl and atracurium to facil-
itate tracheal intubation. Maintenance with nitrous oxide/oxygen (60%/40%) and isoflurane, and inter-
mittent doses of atracurium. For hypertension, adjustments made accordingly to fentanyl or muscle re-
laxant. Ephedrine or phenylephrine for hypotension, and glycopyrrolate for bradycardia

Outcomes Outcomes measured/ reported by study authors: haemodynamic variables; time to eye opening;
time to extubation; time to transfer to PACU; postanaesthesia recovery score

Outcomes relevant to the review: time to eye opening

Notes Funding/declarations of interest: not specified

Study dates: January 2008 to December 2008

Shafiq 2012  (Continued)
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quasi-randomized trial using slips of paper labelled as BIS group or control
group which were taken from an envelope.

Allocation concealment
(selection bias)

High risk No method used to conceal allocation

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. It was not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Shafiq 2012  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 100

Country: Greece

Setting: hospital; single centre

Inclusion criteria: scheduled for elective bariatric surgery; super obese with BMI > 50 kg/m2; aged 21 to
60 years of age

Exclusion criteria: severe cardiopulmonary disease; significant renal dysfunction; liver dysfunction;
history of hyper- or hypothyroidism; serious psychiatric or neurologic disorders; recall during GA; al-
lergy to local anaesthetics; history of substance abuse; contra-indications for placement of thoracic
epidural catheter; refusal to participate

Type of surgery: bariatric surgery

Baseline characteristics

Intervention group (BIS - propofol)

• Age, mean (SD): 37 (± 9) years

• Gender, M/F: 6/19

• BMI, mean (SD): 55 (± 6) kg/m2

Siampalioti 2015 
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• Weight, mean (SD): 152 (± 20) kg

• Height, mean (SD): 166 (± 9) cm

• Duration of surgery, mean (SD): 176 (± 24) minutes

Intervention group (BIS - sevoflurane)

• Age, mean (SD): 36 (± 10) years

• Gender, M/F: 7/8

• BMI, mean (SD): 57 (± 9) kg/m2

• Weight, mean (SD): 157 (± 26) kg

• Height, mean (SD): 166 (± 8) cm

• Duration of surgery, mean (SD): 187 (± 28) minutes

Comparison group (clinical signs - propofol)

• Age, mean (SD): 36 (± 9)

• Gender, M/F: 8/17

• BMI, mean (SD): 59 (± 11) kg/m2

• Weight, mean (SD): 162 (± 27) kg

• Height, mean (SD): 166 (± 9) cm

• Duration of surgery, mean (SD): 194 (± 27) minutes

Comparison group (clinical signs - sevoflurane)

• Age, mean (SD): 42 (± 8) years

• Gender, M/F: 10/15

• BMI, mean (SD): 61 (± 10) kg/m2

• Weight, mean (SD): 170 (± 35) kg

• Height, mean (SD): 167 (± 9) cm

• Duration of surgery, mean (SD): 192 (± 29) minutes

Interventions Intervention (BIS - propofol)

• Randomized, n = 25; losses, n = 0; analysed, n = 25

• Details: propofol titrated to maintain BIS (Aspect Medical Systems Inc, USA), target values between
40 to 55. Also adjusted anaesthesia according to clinical signs (HR and BP to within 15% of baseline
values). For decrease in BP < 15% of baseline values, remifentanil was given and if necessary etilefrine.
For HR < 45 bpm, atropine was given

Intervention (BIS - sevoflurane)

• Randomized, n = 25; losses, n = 0; analysed, n = 25

• Details: RSI with propofol, remifentanil and succinylcholine for tracheal intubation. Maintenance with
sevoflurane (end-tidal concentration of 1% to 3%), titrated to maintain BIS (Aspect Medical Systems
Inc, USA), target values between 40 to 55. Also adjusted anaesthesia according to clinical signs (HR
and BP to within 15% of baseline values). Nifedipine for positive sympathetic response and HR < 70
bpm, diltiazem given for HR > 70 bpm followed by esmolol if necessary.

Comparison (clinical signs - propofol)

• Randomized, n = 25; losses, n = 0; analysed, n = 25

• Details: adjusted propofol according to clinical signs (HR and BP to within 15% of baseline values). For
decrease in BP < 15% of baseline values, remifentanil was given and if necessary etilefrine. For HR <
45 bpm, atropine was given

Comparison (clinical signs - sevoflurane)

• Randomized, n = 25; losses, n = 0; analysed, n = 25

Siampalioti 2015  (Continued)
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• Details: RSI with propofol, remifentanil and succinylcholine for tracheal intubation. Maintenance with
sevoflurane (end-tidal concentration of 1% to 3%). Sevoflurane adjusted according to clinical signs
(HR and BP to within 15% of baseline values). Nifedipine for positive sympathetic response and HR <
70 bpm, diltiazem given for HR > 70 bpm followed by esmolol if necessary.

All groups: doses of all anaesthetic drugs were based on either ideal body weight or corrected body
weight. Neuromuscular blockade (cisatracurium) given by continuous infusion, with reversal using
neostigmine and atropine

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; recovery times (time to
eye opening, time to extubation, time to reach specified recovery scores); pain

Outcomes relevant to the review: time to eye opening

Notes Funding/declarations of interest: funding not reported. Study authors declare no conflicts of interest

Study dates: not reported

Note:

• we noted that treatment used to manage HR differed between the propofol and sevoflurane groups

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Use of a computer-generated random number table

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: ""Both the anesthesiologist performing the assessment and the pa-
tients were blinded to the general anesthetic used and the BIS monitoring"

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study is registered with a clinical trial register (NCT01279499). However, be-
cause the trial does not report a study date, and the clinical trial register has
not been updated, it is not possible to assess with registration was retrospec-
tive or prospective. It is not feasible to assess the risk of reporting bias without
this information

Other bias Low risk We identified no other sources of bias

Siampalioti 2015  (Continued)
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Methods RCT, parallel design

Participants Total number of randomized participants: 60

Country: USA

Setting: hospital, single centre

Inclusion criteria: outpatients scheduled for tubal ligation

Exclusion criteria: neurologic disease; cardiovascular or metabolic diseases; impaired renal or hepatic
function; body weight > 100% above the ideal; history of alcohol or drug abuse

Type of surgery: laparoscopic tubal ligation

Baseline characteristics

Intervention group (BIS desflurane)

• Age, mean (SD): 28 (± 4) years

• Gender, M/F: all women

• Weight, mean (SD): 76 (± 2) kg

• Height, mean (SD): 162 (± 4) cm

• ASA status I/II: 10/5

• Duration of anaesthesia, mean (SD): 76 (± 20) minutes

Intervention group (BIS sevoflurane)

• Age, mean (SD): 26 (± 6)

• Gender, M/F: all women

• Weight, mean (SD): 70 (± 12) kg

• Height, mean (SD): 163 (± 2) cm

• ASA status I/II: 11/4

• Duration of anaesthesia, mean (SD): 74 (± 21) minutes

Comparison group (desflurane clinical signs)

• Age, mean (SD): 27 (± 6) years

• Gender, M/F: all women

• Weight, mean (SD): 76 (± 12) kg

• Height, mean (SD): 162 (± 4) cm

• ASA status I/II: 11/4

• Duration of anaesthesia, mean (SD): 78 (± 22) minutes

Comparison group (sevoflurane clinical signs)

• Age, mean (SD): 26 (± 7) years

• Gender, M/F: all women

• Weight, mean (SD): 72 (± 13) kg

• Height, mean (SD): 163 (± 2) cm

• ASA status I/II:10/5

• Duration of anaesthesia, mean (SD): 75 (± 21) minutes

Interventions Intervention group (BIS desflurane)

• Randomized, n = 15; losses = 0; analysed, n = 15

• Details: desflurane guided by BIS (Rev 3.12U; Model A -1050, Aspect Medical Systems Inc, USA), target
value of 60

Song 1997  (Continued)
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Intervention group (BIS sevoflurane)

• Randomized, n = 15; losses = 0; analysed, n = 15

• Details: sevoflurane guided by BIS, target value of 60

Comparison group (desflurane clinical signs)

• Randomized, n = 15; losses = 0; analysed, n = 15

• Details: desflurane using standard clinical guide. Anaesthetists blinded to BIS monitor

Comparison group (sevoflurane clinical signs)

• Randomized, n = 15; losses = 0; analysed, n = 15

• Details:Sevoflurane using standard clinical guide. Anaesthetists blinded to BIS monitor

All groups: midazolam, then induction with fentanyl and propofol. Succinylcholine to facilitate tracheal
intubation, and lidocaine for topical anaesthesia. Intermittant doses of mivacurium as required. Sup-
plemental doses of fentanyl to treat persistent elevations in HR (> 100 bpm) or MAP (> 20% baseline).
Ketorolac and droperidol given 10-15 minutes before end of surgery for analgesia

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; mean BIS values; end-
tidal concentrations and volumes of anaesthetic agents; fentanyl requirement; mivacurium require-
ment; peak airway pressure; coughing or bucking; recovery times (verbal response, extubation, orien-
tation, PACU stay, oral fluid intake, home readiness); intraoperative awareness (questioned at time of
hospital discharge and at telephone interview 24 hours after surgery)

Outcomes relevant to the review: intraoperative awareness; time to orientation; time in PACU

Notes Funding/declarations of interest: not reported

Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "" Patients were randomly assigned to one of four study groups accord-
ing to a computer-generated random numbers table."

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Song 1997  (Continued)
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Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 68

Country: India

Setting: hospital; single centre

Inclusion criteria: undergoing lumbar spine surgery; ASA I or II; both genders; 20 to 60 years of age

Exclusion criteria: psychiatric illness; clinically significant cardiovascular, respiratory, hepatic or renal
disease; long-term drug or alcohol abuse

Type of surgery: lumbar spine surgery

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 42.05 (± 12.81) years

• Gender, M/F: 13/8

• Weight, mean (SD): 69.0 (± 10.64) kg

• ASA status I/II: 18/3

• Duration of anaesthesia: 113.90 (± 32.14) minutes

Comparison group (clinical signs)

• Age, mean (SD): 40.38 (± 13.12) years

• Gender, M/F: 16/5

• Weight, mean (SD): 69.81 (± 13.10) kg

• ASA status I/II: 15/6

• Duration of anaesthesia: 110.48 (± 30.84) minutes

Comparison group (ETAG)

• Age, mean (SD): 38.10 (± 13.47) years

• Gender, M/F: 12/9

• Weight, mean (SD): 65.52 (± 13.39) 13.39) kg

• ASA status I/II: 17/4

• Duration of anaesthesia: 108.14 (± 25.58) minutes

Interventions Intervention group (BIS)

• Randomized, n = 22; losses, n = 1 (protocol violation); analysed, n = 21

• Details: administration of anaesthetic to maintain BIS (XP sensor, Aspect Medical Systems, USA), val-
ues between 45 to 55, with target value of 55

Comparison group (clinical signs)

• Randomized, n = 22; losses, n = 1 (BIS recording lost); analysed, n = 21

• Details: adjustment to maintain haemodynamic variables within 20% baseline values. Aim to reduce
desflurane as much as clinically possible without allowing for movement or intraoperative awakening

Comparison group (ETAG)

• Randomized, n = 24; losses, n = 3 (1 BIS recording lost; 2 protocol violation); analysed, n = 21

Sudhakaran 2018 
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• Details: adjustment to maintain desflurane concentrations to achieve a target age-corrected com-
bined MAC of 0.8 to 1. Aim for lowest value, i.e. 0.8 MAC

All groups: induction with morphine and propofol, and vecuronium. Maintenance with desflurane in ni-
trous oxide/oxygen (50%/50%) and vecuronium. Diclofenac and ondansetron 15 minutes before end of
procedure, and bupivacaine prior to skin closure. Residual neuromuscular blockade was reversed with
neostigmine and glycopyrrolate

Outcomes Outcomes measured/ reported by study authors: recovery times (time to emergence; time extuba-
tion; time to name recall; fast track time); postoperative analgesic requirements; intraoperative aware-
ness (interview at 24 hours postoperatively using Modified Brice Questionnaire); PONV

Outcomes relevant to the review: intraoperative awareness

Notes Funding/declarations of interest: no funding. Study authors report no conflicts of interest

Study dates: July 2011 to December 2012

Note:

• possible clinical trial registration (CTRI/2018/02/011695), which we have not confirmed with the study
authors

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization

Allocation concealment
(selection bias)

Unclear risk Participants selected a sealed envelope; insufficient information

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Few losses

Selective reporting (re-
porting bias)

Unclear risk Although we identified a clinical trial register report that described a similar
study, we did not clarify this with the study authors and could not use this doc-
ument to effectively assess risk of reporting bias

Other bias Low risk We identified no other sources of bias

Sudhakaran 2018  (Continued)
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Participants Total number of randomized participants: 160

Country: Italy

Setting: hospital; single centre

Inclusion criteria: 18 to 70 years of age; scheduled for abdominal surgery under GA with sevoflurane or
anaesthesia; surgery expected to last > 60 minutes

Exclusion criteria: history of drug or alcohol abuse; neurological or psychiatric disorders

Type of surgery: abdominal surgery

Baseline characteristics were not reported

Interventions Intervention group (propofol BIS)

• Randomized, n = 40; losses = 0; analysed, n = 40

• Details: TIVA using propofol guided by BIS, target values between 40 to 60.

Intervention group (sevoflurane BIS)

• Randomized, n = 40; losses = 0; analysed, n = 40

• Details: induction with propofol, and maintenance with sevoflurane guided by BIS, target values be-
tween 40 to 60

Comparison group (propofol clinical signs)

• Randomized, n = 40; losses = 0; analysed, n = 40

• Details: TIVA using propofol guided by clinical signs

Comparison group (sevoflurane clinical signs)

• Randomized, n = 40; losses = 0; analysed, n = 40

• Details: induction with propofol, maintenance with sevoflurane guided by clinical signs

All groups: premedication with atropine. Use of cisatracurium, ventilation with nitrous oxide in oxygen
(60%/40%), and fentanyl

Outcomes Outcomes measured/reported by study authors: consumption of propofol or sevoflurane; fentanyl
consumption; recovery (time to spontaneous breathing; time to extubation; time to eye opening; time
to respond to simple commands); incidence of undesirable intraoperative responses

Outcomes relevant to the review: time to eye opening

Notes Funding/declarations of interest: not reported

Study dates: not reported

Note:

• we did not include in analysis data for time to eye opening because it was reported in median (range)
values - propofol BIS: 3.4 minutes (1.5 to 8.5 minutes); propofol clinical signs 8.13 minutes (2.5 to 20.5
minutes); sevoflurane BIS: 3.48 minutes (1.5 to 13.5 minutes); sevoflurane clinical signs 6.68 minutes
(1.5 to 13.5 minutes)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about the sequence generation process

Tufano 2000  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Unclear risk Study authors did not report baseline characteristics table and we could not
be certain whether groups were comparable

Tufano 2000  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 40

Country: USA

Setting: hospital; single centre

Inclusion criteria: healthy outpatients scheduled to undergo laparoscopic gynaecological surgery un-
der GA

Exclusion criteria: known neurological or psychiatric disorders; currently using anticonvulsants or
other centrally-active medications; clinically significant cardiovascular, respiratory, hepatic, renal or
metabolic diseases; long-term drug or alcohol abuse; body weight > 50% above the ideal body weight

Type of surgery: gynaecological laparoscopic surgery

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 54 (± 14) years

• Gender, M/F: all women

• Weight, mean (SD): 73 (± 12) kg

• Height, mean (SD): 162 (± 5) cm

• ASA status I/II/III: 9/10/1

• Duration of anaesthesia: 58 (± 22) minutes

Comparison group (clinical signs)

• Age, mean (SD):

White 2004 
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• Gender, M/F: all women

• Weight, mean (SD): 72 (± 10) kg

• Height, mean (SD): 163 (± 5) cm

• ASA status (or other illness severity score): 9/11/0

• Duration of anaesthesia: 66 (± 16) minutes

Interventions Intervention group (BIS)

• Randomized, n = 20; losses = 0; analysed, n = 20

• Details: desflurane guided by BIS of 50 to 60

Comparison group (clinical signs)

• Randomized, n = 20; losses = 0; analysed, n = 20

• Details: desflurane guided by standard clinical signs (maintaining haemodynamic stability, avoiding
movement and achieving a rapid recovery). BIS and AEP monitors were not visible to anaesthetist

Both groups: premedication with midazolam. Induction with propofol and fentanyl, succinylcholine to
facilitate intubation. Desflurane for maintenance, with 60% nitrous oxide in oxygen. Cisatracurium for
neuromuscular blockade. Esmolol to treat increases in HR. Neuromuscular reversal with neostigmine
and glycopyrrolate. Ketorolac for pain, and ondansetron for emesis

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; end-tidal concentrations
and desflurane consumption; recovery times (eyes opening; extubation; following commands; orienta-
tion; sitting up; tolerating oral fluids; standing up; ambulation; fit for discharge; actual discharge); fast-
track score; modified Aldrete score on arrive in PACU; quality of recovery score; PONV; intraoperative
recall (questioned at time of discharge and at telephone interview 24 hours after surgery)

Outcomes relevant to the review: intraoperative awareness; time to eye opening; time to orientation;
time to discharge from the PACU

Notes Funding/declarations of interest: supported by endowment funds from the Margaret Milam McDer-
mott Distinguished Chair in Anesthesiology and the White Mountain Institute, Los Altos, California (the
lead author is the president of this nonprofit organisation)

Study dates: not reported

Note:

• study authors included an additional group (auditory-evoked potential) which we did not include in
the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about the sequence generation process

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "".......the times at which patients were able to open their eyes,...were
assessed...by a third investigator who was unaware of the monitoring group.. "

White 2004  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk No missing outcome data

Selective reporting (re-
porting bias)

Unclear risk Prospective clinical trials registration or published protocol not reported. It
was not feasible to assess risk of reporting bias

Other bias Low risk We identified no other sources of bias

White 2004  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 68

Country: Canada

Setting: hospital; single centre

Inclusion criteria: ASA status I to III; > 60 years of age; scheduled for elective orthopaedic knee or hip
replacement

Exclusion criteria: significant cardiopulmonary diseases or other end-organ disease; depression or
psychiatric disorders; dementia; previous CVA; head trauma; inadequate command of English; drugs
and all alcohol abuse; preoperative baseline of MMSE score < 24

Type of surgery: elective orthopaedic knee or hip replacement

Experience of anaesthetist (in years or qualifications): ≥ 5 years experience of providing anaesthetic
patient care

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 71 (± 5) years

• Gender, M/F: 19/10

• Weight, mean (SD): 82 (± 15) kg

• Height, mean (SD): 169 (± 9) cm

• ASA status I/II/III: 2/24/3

• Duration of anaesthesia: 120 (± 17) minutes

Comparison group (clinical signs)

• Age, mean (SD): 70 (± 6) years

• Gender, M/F: 21/10

• Weight, mean (SD): 84 (± 16) kg

• Height, mean (SD): 170 (± 7) cm

• ASA status I/II/III: 3/27/1

• Duration of anaesthesia: 121 (± 17) minutes

Interventions Intervention group (BIS)

• Randomized, n = 34; losses = 5; analysed, n = 29

• Details: administration of isoflurane and fentanyl to maintain BIS (model A1050, Aspect Medical Sys-
tems, USA), target values of 50 to 60. For hypertension or tachycardia and BIS value > 60, then increase

Wong 2002 
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in isoflurane concentration until BIS was between 50 to 60. If BIS was in target range, then fentanyl was
given. If BIS was < 50 then isoflurane was decreased and fentanyl or labetalol were given as required

Comparison group (clinical signs)

• Randomized, n = 34; losses = 3; analysed, n = 31

• Details: isoflurane and fentanyl adjusted to clinical practice and to provide rapid recovery. Anaes-
thetist was blinded to BIS monitor. For hypertension or tachycardia, attending anaesthetist had the
option of increasing inspired isoflurane concentration or given fentanyl or labetalol

Both groups: induction with propofol, fentanyl and midazolam. Rocuronium to facilitate intubation.
Maintenance with isoflurane and 60% to 70% nitrous oxide. Additional rocuronium if required. Reversal
with neostigmine and glycopyrrolate

Outcomes Outcomes measured/reported by study authors: end-tidal concentrations and consumption of
isoflurane; recovery times (awakening; orientation; discharge from PACU); BIS values; MMSE scores; in-
traoperative awareness (interview 72 hours after surgery and at 14 days after surgery)
Outcomes relevant to the review: intraoperative awareness; time to orientation; time in PACU

Notes Funding/declarations of interest: supported in part by a grant from Aspect Medical, Newton, Massa-
chusetts, USA

Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A block randomization with concealed varying block sizes was performed with
computer-generated random numbers

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: ""The Aldrete score was assessed at 15 min intervals by a research
nurse blinded to the group assignment ......."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: ""....., eight patients (three from the SP group, and five from the BIS
group) were excluded from the analysis for protocol violations." The missing
outcome data seem to balance across intervention group

Selective reporting (re-
porting bias)

Unclear risk Prospective clinical trials registration or published protocol not reported. It
was not feasible to assess risk of reporting bias

Other bias Low risk We identified no other sources of bias

Wong 2002  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Zhang 2011 
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Participants Total number of analysed participants: 5309

Country: China

Setting: multi-centre; 13 hospitals

Inclusion criteria: over 18 years of age; without any apparent mental defects; patients scheduled for
total intravenous anaesthesia (TIVA)

Exclusion criteria: unable to be interviewed after surgery; unable to communicate in Mandarin Chi-
nese; undergoing awake intubation; undergoing intraoperative arousal test.

Type of surgery: neurosurgery; craniofacial and cervical surgery; heart surgery; gynaecologic and ob-
stetric surgery; chest and abdominal surgery; urinary surgery; spine and limb surgery; other surgeries.

Risk of awareness: unselected for risk of awareness

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 46.95 (± 14.86) years

• Gender, M/F: 1237/1656

• Weight (kg), mean (SD): 63.80 (± 11.21) kg

• ASA status I/II/>III: 1386/1128/138

Comparison group (clinical signs)

• Age, mean (SD): 46.06 (± 14.59) years

• Gender, M/F: 971/1309

• Weight (kg), mean (SD): 63.39 (± 14.59) kg

• ASA status I/II/>III: 1323/834/65

Interventions Intervention group (BIS)

• Randomized, n = not reported; losses = 11 losses (due to participants < 18 years of age, 2 participants
failed to be interviewed); analysed, n = 2919

• Details: propofol guided by BIS (A-2000, Aspect Medical System, USA), target values between 40 to 60

Comparison group (clinical signs)

• Randomized, n = not reported; losses = 10 losses (due to participants < 18 years of age), 2 participants
failed to be interviewed); analysed, n = 2309

• Details: no BIS-guided TIVA, BIS screen recorded but covered to the anaesthetist.

Both groups: no premedication. Initiation with midazolam, and induction and maintenance with
propofol. Other types of anaesthetics (analgesics and muscle relaxants) were at the discretion of the at-
tending anaesthetists.

Outcomes Outcomes measured/reported by study authors: confirmed intraoperative awareness and possible
intraoperative awareness and dreaming (using a structured questionnaire on POD 1 and POD 4)

Outcomes relevant to the review: confirmed intraoperative awareness

Notes Funding/declarations of interest: not reported

Study dates: November 2008 to November 2010

Note:

• we could not be certain of the number of randomized participants because of discrepancies in the
reporting. Study authors reported that quote: "outcome data was collected from 5309 patients". We

Zhang 2011  (Continued)
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have taken this figure to indicate the number of analysed participants. We noted additional discrep-
ancies in the baseline characteristics table which suggested that data for all participants may not have
been reported; the total number of participants according to gender and the total number of partici-
pants for ASA status are not comparable.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Despite using computer-generated random numbers, we are uncertain
whether sequence generation was adequately conducted because the infor-
mation of group allocation was not available in 54 cases. Furthermore, using
the baseline characteristics table as a guide, there was an unequal number of
participants in each group, and baseline differences between groups in gender
and ASA scores which indicated the possibility of poor methods of randomiza-
tion

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Participants were blinded to group allocation. However, it is not feasible to
blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: ""Interviewers and patients were blinded to the group allocation"

Incomplete outcome data
(attrition bias)
All outcomes

High risk Quote: ""FiNy-four cases were withdrawn because the information of group al-
location was unavailable and another 21 patients were excluded due to age
younger than 18 years old (11/10) and a further six patients were excluded be-
cause of failure to be interviewed (2/2), one patient died postoperatively, oper-
ation was cancelled in one case after anaesthesia induction."

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Zhang 2011  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 72

Country: China

Setting: hospital; single centre

Inclusion criteria: severe burns; escharotomy + dermatoplasty under GA during early stages (within 7
days after burn); 18 to 65 years of age; BMI > 20 kg/m2 or > 30 kg/m2; no history of primary hypertension

Exclusion criteria: preoperative heart, lung, liver, kidney and other viscera insufficiently; elective
surgery; other serious complications such as MI or cerebral infarction

Zhang 2016 
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Type of surgery: escharotomy + dermatoplasty

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 47.17 (± 14.79) years

• Gender, M/F: 21/15

• BMI, mean (SD): 24.54 (± 2.34) kg/m2

• APACHE II, mean (SD): 2.25 (± 0.87)

Comparison group (clinical signs)

• Age, mean (SD): 46.92 (± 13.81) years

• Gender, M/F: 19/17

• BMI, mean (SD): 24.56 (± 2.61) kg/m2

• APACHE II, mean (SD): 2.03 (± 1.06)

Interventions Intervention group (BIS)

• Randomized, n = 36; losses, n = 0; analysed, n = 36

• Details: propofol and remifentanil were adjusted to achieve BIS target values of 40 to 65

Comparison group (clinical signs)

• Randomized, n = 36; losses, n = 0 analysed, n = 36

• Details: anaesthesia adjusted to maintain SBP within 90 to 140 mmHg

Both groups: atropine before surgery; induction with midazolam, etomidate, sufentanil, and rocuroni-
um. Maintenance with propofol and remifentanil, and rocuronium

Outcomes Outcomes measured/ reported by study authors: haemodynamic variables; doses of propofol and
remifentanil; recovery (time to spontaneous breathing; time to directional force; time to extubation);
intraoperative awareness (time of measure and method of collection was not reported)

Outcomes relevant to the review: intraoperative awareness

Notes Funding/declarations of interest: funding not specified. Study authors declare no conflicts of interest

Study dates: August 2013 to August 2015

Notes:

• study included an additional group (Narcotrend) which we did not include in this review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were quote: "randomly divided"; no additional details

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were aware of group alloca-
tion. it is not feasible to blind anaesthetists to group allocation

Zhang 2016  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Zhang 2016  (Continued)

 
 

Study characteristics

Methods RCT, parallel design

Participants Total number of randomized participants: 50

Country: Israel

Setting: hospital; single centre

Inclusion criteria: geriatric (more than 65 years of age); undergoing short elective transurethral surgi-
cal procedures

Exclusion criteria: a history of unstable cardiovascular, pulmonary, hepatic, renal, neurologic, psychi-
atric or metabolic diseases

Type of surgery: short elective transurethral surgical procedures

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD): 73 (± 8) years

• Gender, M/F: 21/4

• Weight, mean (SD): 77 (± 14) kg

• Height, mean (SD): 170 (± 8) cm

• ASA status I/II/III: 2/19/4

• Duration of anaesthesia: 51 (± 24) minutes

Comparison group (clinical signs)

• Age, mean (SD): 76 (± 7) years

• Gender, M/F: 22/3

• Weight, mean (SD): 76 (± 12) kg

• Height, mean (SD): 169 (± 7) cm

• ASA status I/II/III: 2/20/3

• Duration of anaesthesia:48 (± 16) minutes

Interventions Intervention group (BIS)

• Randomized, n = 25; losses = 0; analysed, n =25

Zohar 2006 
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• Details: sevoflurane adjusted to maintain BIS (A-2000, Aspect Medical Systems, USA), target values of
50 to 60

Comparison group (clinical signs)

• Randomized, n = 25; losses = 0; analysed, n =25

• Details: sevoflurane adjusted to standard clinical signs

Both groups: induction with fentanyl and propofol. Use of LMA. Maintenance with sevoflurane which
was increased in response to signs of an inadequate “depth of anaesthesia” (e.g. movement in re-
sponse to surgical stimulation). Rescue fentanyl given for sustained increase in respiratory rate. Muscle
relaxants were not used

Outcomes Outcomes measured/reported by study authors: anaesthetic requirement (sevoflurane MAC during
maintenance (MAC/hour); amount of propofol needed at induction; amount of fentanyl needed at in-
duction; fentanyl 'rescue' dose required); recovery times (time to spontaneous eye opening (study au-
thors do not report data for this outcome); time to remove laryngeal mask airway (LMA) device (study
authors do not report data for this outcome); time to responding to simple verbal commands; time to
correctly state name, age, and personal identification number; time to achieve fast-track ability (main
outcome); time from awakening from anaesthesia to achieve post anaesthesia care unit (PACU) dis-
charge eligibility); the occurrence of any side effects; the occurrence of need for therapeutic interven-
tions; the occurrence of intraoperative recall awareness (questioned at time of discharge from PACU);
patients' satisfaction scores

Outcomes relevant to the review: time from awakening from anaesthesia to achieve PACU discharge
eligibility; occurrence of intraoperative recall awareness; time to eye opening (not reported)

Notes Funding/declarations of interest: quote: "no industry related funding"

Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information

Allocation concealment
(selection bias)

Unclear risk Insufficient information

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study authors do not report whether participants were blinded to group allo-
cation. It is not feasible to blind anaesthetists to group allocation

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: ""Early recovery endpoints were recorded...by a blinded observer..."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trials registration or a pub-
lished protocol. Therefore, it is not feasible to effectively assess risk of report-
ing bias

Other bias Low risk We identified no other sources of bias

Zohar 2006  (Continued)
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AAI: auditory-evoked potential; AEP: auditory evoked potential; ASA: American Society of Anesthesiologists; BIS: bispectral index; BMI:
body mass index; BP: blood pressure; bpm: beats per minute; CABG: coronary artery bypass graN; COPD: chronic obstructive pulmonary
disease; CPB: cardiopulmonary bypass; CVA: cardiovascular accident; EEG: electroencephalography; ENT: ear, nose, throat; ETAC: end-
tidal anaesthetic concentration; ETAG: end-tidal anaesthetic gas; ETVAC: end-tidal concentration of the volatile anaesthetic; GA: general
anaesthesia; HR: heart rate; IQR: interquartile range; ITT: intention to treat; IV: intravenous(ly); LMA: laryngeal mask airway; M/F:
male/female; MAC: minimum alveolar concentration; MAP: mean arterial pressure; MMSE: mini mental state examination; n: number of
participants; N/A: not applicable; PACU: postanaesthesia care unit; POD: postoperative day; PONV: postoperative nausea and vomiting;
PRST: systolic blood pressure, heart rate, sweating, tears; PTSD: post-traumatic stress disorder; RCT: randomized controlled trial; RSI:
rapid sequence induction; SBP: systolic blood pressure; SD: standard deviation; TBSA: total burn surface area; TCI: target controlled
infusion; TIVA: total intravenous anaesthesia; TNG: topical nitroglycerin; TOF: train-of-four
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Aceto 2015 The aim of the study was to evaluate whether BIS-guided sevoflurane may achieve a lower MAC val-
ue, and to search for a MAC threshold for preventing arousal. We excluded this study because it did
not meet the review criteria

Aimé 2006 The study was included in a previous version of the review (Punjasawadwong 2014). The aim of
the study was to evaluate the economic impact of hypnosis with sevoflurane and we excluded this
study because it did not meet the review criteria

Chan 2013 The aim of the study was to evaluate the effects of BIS-guided anaesthesia on postoperative deliri-
um and cognitive decline and we excluded this study because it did not meet the review criteria

Chiu 2007 The study was included in a previous version of the review (Punjasawadwong 2014). The aim of
the study was to evaluate the impact of the use of BIS monitoring on propofol requirements and
haemodynamic stability during cardiopulmonary bypass. We excluded this study because it did not
meet the review criteria

Hachero 2001 The study was included in a previous version of the review (Punjasawadwong 2014). The aim of the
study was to evaluate analgesic requirements when BIS monitoring was used. We excluded this
study because it did not meet the review criteria

Kamali 2017b The aim of the study was to evaluate the effects of BIS-guided anaesthesia on the time of extuba-
tion in the ICU following CABG. We excluded this study because it did not meet the review criteria

Karwacki 2014 The aim of the study was to optimise the dosage of anaesthetic agents using BIS-guided anaesthe-
sia. We excluded this study because it did not meet the review criteria

Kaval 2015 The aim of the study was to evaluate the effects of BIS-guided anaesthesia on the time of extuba-
tion in the ICU following CABG. We excluded this study because it did not meet the review criteria

Kerssens 2009 The aim of the study was to evaluate the effect of BIS-guided anaesthesia on memory function and
physiologic stress response to surgery. We excluded this study because it did not meet the review
criteria

Nitzschke 2014 The study was in the list of studies awaiting classification in the previous version of the review
(Punjasawadwong 2014). Participants undergoing on-pump cardiac surgery. We excluded this
study because it was a sequential two-arm clinical study and was not randomized

Panagopoulou 2000 RCT, parallel design. Participants undergoing ENT procedures with anaesthesia titrated to BIS (tar-
get values 40 to 60) or by clinical signs. Study is available only as an abstract and does not include
the number of participants randomized or analysed in each group. We excluded this study because
we did not expect that a publication of the full text is likely, since that abstract was published in
2000.
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Study Reason for exclusion

Quesada 2016 The study was in the list of studies awaiting classification in the previous version of the review
(Punjasawadwong 2014). Participants were undergoing echobronchial ultrasound under sedation
and we excluded the study because the participant group was not eligible

Radtke 2013 The aim of the study was to evaluate the effects of BIS-guided anaesthesia on postoperative deliri-
um in elderly people and we excluded this study because it did not meet the review criteria

Rüsch 2018 The aim of the study was to evaluate the induction of anaesthesia guided by BIS or a weight-based
manual administration for the incidence of hypotension. We excluded this study because it did not
meet the review criteria

Samarkandi 2004 The study was included in a previous version of the review (Punjasawadwong 2014). The aim of the
study was to evaluate the effects of BIS monitoring on anaesthetic requirements and the need for
circulatory support. We excluded this study because it did not meet the review criteria

Shahrbazi 2008 The aim of the study was to evaluate the effect of BIS monitoring on serum cortisol levels in the
people undergoing CABG. We excluded this study because it did not meet the review criteria

Struys 2001 The study was included in a previous version of the review (Punjasawadwong 2014). The study
compared the use of a closed-loop system that included BIS with a manually-controlled system
and we excluded this study because it did not meet the review criteria

Vretzakis 2005 The aim of the study was to evaluate decision making processes when the value of BIS is known
during anaesthesia. We excluded this study because it did not meet the review criteria

Zhou 2018 The aim of the study was to evaluate the effect of BIS monitoring on postoperative attention net-
work dysfunction in elderly surgical patients. We excluded this study because it did not meet the
review criteria

BIS: bispectral index; CABG: coronary artery bypass graN; ENT: ear, nose and throat; ICU: intensive care unit; MAC: minimum alveolar
concentration; RCT: randomized controlled trial
 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods RCT, parallel design

Participants Number of randomized participants: 40

Type of surgery: cholecystectomy

Interventions • BIS-guided sevoflurane (BIS target values 40 to 60)

• standard practice sevoflurane

• BIS-guided desflurane (BIS target values 40 to 60)

• standard practice desflurane

Outcomes Drug consumption; recovery times (type of recovery is not specified in English abstract)

Notes We were unable to source the full text of this study from current library sources and the abstract
contained insufficient information to assess eligibility

Aksun 2007 
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Methods RCT, parallel design

Participants Number of randomized participants: 480

Inclusion criteria: women undergoing gynaecological laparoscopy surgery: ASA status I or II

Interventions • BIS-guided anaesthesia

• Non BIS-guided anaesthesia

Outcomes PONV; desflurane consumption; cost

Notes Study published only as an abstract. We could not be certain from the information in the abstract
by what methods anaesthesia was guided in the control group

Croci 2014 

 
 

Methods RCT

Participants Estimated number of randomized participants: 402

Inclusion criteria: ASA I and II; 15 to 65 years of age; either gender; undergoing elective surgical
procedures requiring general anaesthesia

Exclusion criteria: history of preoperative long-term use of anticonvulsant agents, opiates, benzo-
diazepines, cocaine or daily alcohol consumption; pre-existing renal hepatic and cardiac disease;
history of difficult intubation or anticipated difficult intubation; ASA status III, IV or IV; surgical pro-
cedure or positioning of the patient prevents BIS monitoring; people with dementia; unable to pro-
vide informed consent; history of stroke with residual neurological deficits

Country: India

Interventions BIS-guided anaesthesia; ETAG-guided anaesthesia

Outcomes Time to recovery; time to extubation

Notes Completed study in clinical trials register. We await publication of full report to assess eligibility

CTRI/2018/03/012457 

 
 

Methods It is unclear if the study is an RCT

Participants Total number of randomized participants: 50

Inclusion criteria: morbidly obese adult patients undergoing elective laparoscopic cholecystecto-
my

Interventions BIS-guided isoflurane anaesthesia; and standard clinical practice

Outcomes Isoflurane consumption; recovery (time to extubation; time to awakening)

Notes Requires translation from Persian. We could not be certain from the English abstract whether this
study was an RCT or a cohort study

Golmohammadi 2014 
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Methods RCT, parallel design

Participants Total number of randomized participants: 40

Inclusion criteria: scheduled for gastric resection under GA

Exclusion criteria: kidney or liver function abnormalities; hypertension; diabetes; surgery expect-
ed to take < 150 minutes

Interventions Intervention group (BIS), n = 20; versus control group (not specified), n = 20

Outcomes Concentrations of sevoflurane: BIS values: recovery times (time to response, time to extubation,
time to reach 10 points on recovery scale, time to discharge from PACU)

Notes Requires translation from Korean. We could not be certain from the English abstract of the control
group methods to monitor depth of anaesthesia

Jeong 2002 

 
 

Methods RCT, parallel design

Participants Total number of randomized participants: 100

Inclusion criteria: participants undergoing TIVA anaesthesia; no additional details

Interventions BIS-guided anaesthesia; no BIS

Outcomes Intraoperative recall awareness

Notes We were unable to source the full text of this study from current sources. The English abstract does
not include denominator figures for each group and we require the full text in order to include this
study

Qu 2011 

ASA: American Society of Anesthesiologists: BIS: bispectral index; ETAG: end-tidal anaesthetic gas; GA: general anaesthesia; PACU:
postanaesthesia care unit; PONV: postoperative nausea and vomiting; RCT: randomized controlled trial; TIVA: total intravenous
anaesthesia
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Influence of processed EEG monitoring in the anesthetic management and its cost in oI-pump
coronary surgery: a research protocol

Methods RCT

Participants Participants undergoing CABG without CPB

Interventions BIS visible; BIS not visible (BIS monitor is hidden and monitoring of anaesthetic depth is based
on clinical signs associated with the monitoring of expiratory fraction of halogenated anaesthetic
agent)

Outcomes Anaesthetic depth; cost

Martins 2013 
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Starting date Unknown

Contact information Unknown

Notes We were unable to source the full text of this article. We have not been able to identify any complet-
ed trials for which this protocol may be associated, and therefore we assume that the study is on-
going. To populate this tables, we have used information included in the previous version of the re-
view (Punjasawadwong 2014).

Martins 2013  (Continued)

 
 

Study name Incidence of intraoperative awareness in Indian patient population

Methods RCT, parallel design

Participants Target number of randomized participants: 2000

Inclusion criteria: either gender; 18 to 65 years of age; ASA status I or II; GA; elective surgery with a
duration of > 30 minutes; consenting to follow-up

Exclusion criteria: uncompensated systemic co-morbidity; cardiac and neurosurgical procedures;
head and neck surgery; obstetric surgery; emergency surgery; anticipated difficult airway; H/O
brain injury; EEG abnormality; neuropsychiatry disorders; substance abuse (opioids, alcohol, recre-
ational drugs, benzodiazepine); pacemakers and electronic implants; obesity (BMI > 30kg/m2); ad-
hesive allergy

Setting: India; multi-centre

Interventions BIS versus ETAG

Outcomes Incidence of intraoperative awareness; BIS score; ETAG concentration; MAC concentration; recov-
ery (time to open eyes; time to extubation); haemodynamic variables; postoperative sedation;
PONV; postoperative analgesia

Starting date 10 October 2018

Contact information Amitabh Dutta (duttaamiatbh@yahoo.co.in); Nitin Sethi (nitinsethi77@yahoo.co.in)

Notes Estimated primary completion date: July 2020

NCT03571945 

ASA: American Society of Anesthesiologists; BIS: bispectral index; BMI: body mass index; CABG: coronary artery bypass graN; CPB:
cardiopulmonary bypass; EEG: electroencephalography; ETAG: end-tidal anaesthetic gas; GA: general anaesthesia; H/O: heterotopic
ossification; MAC: minimum alveolar concentration; PONV: postoperative nausea and vomiting; RCT: randomized controlled trial
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   BIS versus clinical sides

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Occurrence of intraoperative
awareness

27 9765 Peto Odds Ratio (Peto, Fixed,
95% CI)

0.36 [0.21, 0.60]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.2 Time to eye opening (minutes) 22 1494 Mean Difference (IV, Random,
95% CI)

-1.78 [-2.53, -1.03]

1.3 Time to orientation (minutes) 6 273 Mean Difference (IV, Random,
95% CI)

-3.18 [-4.03, -2.33]

1.4 Time to discharge from the PACU
(minutes)

13 930 Mean Difference (IV, Random,
95% CI)

-6.86 [-11.72,
-2.00]

 
 

Analysis 1.1.   Comparison 1: BIS versus clinical sides, Outcome 1: Occurrence of intraoperative awareness

Study or Subgroup

Anez 2001
Assare 2002
Bruhn 2005
Ellerkmann 2010
Guo 2015
Ibraheim 2008
Kabukcu 2012
Kamal 2009
Kamali 2017a
Karaca 2014
Kim 2003
Kreuer 2003
Kreuer 2005
Luginbuhl 2003
Mozafari 2014
Myles 2004
Persec 2012
Puri 2003
Rahul 2015
Recart 2003
Song 1997
Sudhakaran 2018
White 2004
Wong 2002
Zhang 2011
Zhang 2016
Zohar 2006

Total (95% CI)
Total events:
Heterogeneity: Chi² = 10.17, df = 4 (P = 0.04); I² = 61%
Test for overall effect: Z = 3.85 (P = 0.0001)
Test for subgroup differences: Not applicable

BIS
Events

0
0
0
0
0
0
0
0
0
0
0
0
0
0
9
2
0
0
0
0
0
0
0
0
4
0
0

15

Total

20
20
71
27
20
15
35
29

107
41
19
40
40
80

163
1225

20
14
80
30
30
21
20
29

2919
36
25

5176

Clinical signs
Events

0
0
0
0
0
0
0
0
8
0
0
0
0
0
7

11
0
1
0
0
0
0
0
0

15
0
0

42

Total

19
20
71
27
20
15
35
28

107
41
20
40
40
80

170
1238

20
16
80
30
30
21
20
31

2309
36
25

4589

Weight

13.9%

27.5%
23.3%

1.8%

33.6%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable

0.13 [0.03 , 0.52]
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable

1.36 [0.50 , 3.70]
0.25 [0.08 , 0.75]

Not estimable
0.15 [0.00 , 7.80]

Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable

0.24 [0.10 , 0.60]
Not estimable
Not estimable

0.36 [0.21 , 0.60]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.005 0.1 1 10 200
Favours BIS Favours CS
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Analysis 1.2.   Comparison 1: BIS versus clinical sides, Outcome 2: Time to eye opening (minutes)

Study or Subgroup

Anez 2001
Başar 2003
Boztuğ 2006
Bruhn 2005
Ellerkmann 2010
Gan 1997
Ibraheim 2008
Kamal 2009
Karaca 2014
Khoshrang 2016
Kreuer 2003
Kreuer 2005
Masuda 2002
Morimoto 2002
Nelskyla 2001
Puri 2003
Recart 2003
Savli 2005
Shafiq 2012
Siampalioti 2015
White 2004
Wong 2002

Total (95% CI)
Heterogeneity: Tau² = 2.31; Chi² = 122.15, df = 21 (P < 0.00001); I² = 83%
Test for overall effect: Z = 4.67 (P < 0.00001)
Test for subgroup differences: Not applicable

BIS
Mean

4.63
8.25
4.6
5.9
6.8

6.25
6.8
4.1

2.56
8.85
3.5
4.2
8.1

3
5

18.5
6

3.8
6.96

14.21
7
4

SD

2.31
1.8
2.1
3.4
2.9

5.19
2.14
1.6

2.83
3.77
2.9
2.1
6.9

1
2

11.5
5

1.5
2.1

8.07
3

2.1

Total

20
30
24
71
27

115
15
29
41
48
40
40
20
21
32
14
30
20
30
25
20
29

741

Clinical signs
Mean

8.7
8.59
7.8
5.6
7.3

9.52
8.66
4.4

1.78
11.25

9.3
4.7

10.9
6
5

28
8

7.3
10.1

13.06
9

4.9

SD

2.97
1.02
3.6
2.5
2.9

7.89
2.69
1.9

2.12
3.63
5.2
2.2
7.5

3
2

15
8

2.6
3

7.8
4

3.4

Total

19
30
23
71
27

125
15
28
41
48
40
40
19
25
30
16
30
20
30
25
20
31

753

Weight

4.8%
5.9%
4.7%
5.7%
4.9%
4.8%
4.7%
5.7%
5.6%
5.0%
4.5%
5.7%
1.9%
5.3%
5.7%
0.6%
2.8%
5.3%
5.3%
2.0%
4.1%
5.1%

100.0%

Mean Difference
IV, Random, 95% CI

-4.07 [-5.75 , -2.39]
-0.34 [-1.08 , 0.40]

-3.20 [-4.89 , -1.51]
0.30 [-0.68 , 1.28]

-0.50 [-2.05 , 1.05]
-3.27 [-4.95 , -1.59]
-1.86 [-3.60 , -0.12]
-0.30 [-1.21 , 0.61]
0.78 [-0.30 , 1.86]

-2.40 [-3.88 , -0.92]
-5.80 [-7.65 , -3.95]
-0.50 [-1.44 , 0.44]
-2.80 [-7.33 , 1.73]

-3.00 [-4.25 , -1.75]
0.00 [-1.00 , 1.00]

-9.50 [-19.00 , 0.00]
-2.00 [-5.38 , 1.38]

-3.50 [-4.82 , -2.18]
-3.14 [-4.45 , -1.83]

1.15 [-3.25 , 5.55]
-2.00 [-4.19 , 0.19]
-0.90 [-2.32 , 0.52]

-1.78 [-2.53 , -1.03]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours BIS Favours clinical signs

 
 

Analysis 1.3.   Comparison 1: BIS versus clinical sides, Outcome 3: Time to orientation (minutes)

Study or Subgroup

Kamal 2009
Nelskyla 2001
Savli 2005
Song 1997
White 2004
Wong 2002

Total (95% CI)
Heterogeneity: Tau² = 0.42; Chi² = 8.49, df = 5 (P = 0.13); I² = 41%
Test for overall effect: Z = 7.35 (P < 0.00001)
Test for subgroup differences: Not applicable

BIS
Mean

7.4
6

5.8
10.2

7
9.5

SD

1.5
2

1.9
2.8

3
3.1

Total

29
32
20
15
20
29

145

Clinical signs
Mean

11.2
8

10.1
13.2

10
13.1

SD

1.9
2

4.4
4
4
4

Total

28
30
20
15
20
15

128

Weight

29.8%
27.5%
11.9%
9.3%

11.2%
10.3%

100.0%

Mean Difference
IV, Random, 95% CI

-3.80 [-4.69 , -2.91]
-2.00 [-3.00 , -1.00]
-4.30 [-6.40 , -2.20]
-3.00 [-5.47 , -0.53]
-3.00 [-5.19 , -0.81]
-3.60 [-5.92 , -1.28]

-3.18 [-4.03 , -2.33]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours BIS Favours clinical signs
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Analysis 1.4.   Comparison 1: BIS versus clinical sides, Outcome 4: Time to discharge from the PACU (minutes)

Study or Subgroup

Alimian 2016
Anez 2001
Boztuğ 2006
Bruhn 2005
Gan 1997
Kamal 2009
Masuda 2002
Morimoto 2002
Recart 2003
Song 1997
White 2004
Wong 2002
Zohar 2006

Total (95% CI)
Heterogeneity: Tau² = 50.93; Chi² = 56.64, df = 12 (P < 0.00001); I² = 79%
Test for overall effect: Z = 2.77 (P = 0.006)
Test for subgroup differences: Not applicable

BIS
Mean

49.35
50.05

26
31.9
31.7
53.9
22.3

16
80
37

116
111
37

SD

21.25
22.7

11
15.8

20.13
14.7
12.6

4
47
10
38
30
18

Total

40
20
24
71

115
29
20
21
30
15
20
29
25

459

Clinical signs
Mean

51.95
49.26

29
29.7

37.78
78.6
30.6

23
108
35

185
125
35

SD

27.9
14.32

16
12.7
23.5
21.5
12.5

6
58
8

56
48
22

Total

40
19
23
71

125
28
19
25
30
15
20
31
25

471

Weight

7.5%
7.0%
9.2%

10.8%
10.4%
8.2%
9.2%

11.6%
2.6%
9.9%
2.2%
3.9%
7.4%

100.0%

Mean Difference
IV, Random, 95% CI

-2.60 [-13.47 , 8.27]
0.79 [-11.06 , 12.64]
-3.00 [-10.88 , 4.88]

2.20 [-2.52 , 6.92]
-6.08 [-11.60 , -0.56]

-24.70 [-34.29 , -15.11]
-8.30 [-16.18 , -0.42]
-7.00 [-9.91 , -4.09]

-28.00 [-54.71 , -1.29]
2.00 [-4.48 , 8.48]

-69.00 [-98.66 , -39.34]
-14.00 [-34.12 , 6.12]

2.00 [-9.14 , 13.14]

-6.86 [-11.72 , -2.00]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours BIS Favours clinical signs

 
 

Comparison 2.   BIS versus clinical signs: subgroup by type of anaesthetic

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Occurrence of intra-
operative awareness

26 7302 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.40 [0.22, 0.72]

2.1.1 Propofol 10 5784 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.24 [0.10, 0.60]

2.1.2 Desflurane 7 474 Peto Odds Ratio (Peto, Fixed, 95% CI) Not estimable

2.1.3 Isoflurane 4 637 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.58 [0.26, 1.28]

2.1.4 Sevoflurane 7 407 Peto Odds Ratio (Peto, Fixed, 95% CI) Not estimable

2.2 Time to eye opening
(minutes)

22 1544 Mean Difference (IV, Random, 95% CI) -1.68 [-2.40, -0.95]

2.2.1 propofol 8 680 Mean Difference (IV, Random, 95% CI) -2.13 [-3.82, -0.43]

2.2.2 desflurane 4 322 Mean Difference (IV, Random, 95% CI) -0.51 [-1.44, 0.42]

2.2.3 isoflurane 3 150 Mean Difference (IV, Random, 95% CI) -2.45 [-4.80, -0.09]

2.2.4 sevoflurane 8 392 Mean Difference (IV, Random, 95% CI) -1.52 [-2.60, -0.44]

2.3 Time to orientation
(minutes)

7 393 Mean Difference (IV, Fixed, 95% CI) -3.15 [-3.70, -2.61]

2.3.1 propofol 0 0 Mean Difference (IV, Fixed, 95% CI) Not estimable

2.3.2 desflurane 2 70 Mean Difference (IV, Fixed, 95% CI) -2.60 [-4.23, -0.97]

2.3.3 isoflurane 1 44 Mean Difference (IV, Fixed, 95% CI) -3.60 [-5.92, -1.28]
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Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

2.3.4 sevoflurane 5 279 Mean Difference (IV, Fixed, 95% CI) -3.20 [-3.80, -2.60]

2.4 Time to discharge
from the PACU stay
(minutes)

13 960 Mean Difference (IV, Random, 95% CI) -6.26 [-10.68, -1.84]

2.4.1 propofol 4 398 Mean Difference (IV, Random, 95% CI) -5.42 [-9.36, -1.48]

2.4.2 desflurane 4 272 Mean Difference (IV, Random, 95% CI) -14.76 [-29.61, 0.09]

2.4.3 isoflurane 1 60 Mean Difference (IV, Random, 95% CI) -14.00 [-34.12, 6.12]

2.4.4 sevoflurane 5 230 Mean Difference (IV, Random, 95% CI) -5.99 [-13.34, 1.36]
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Analysis 2.1.   Comparison 2: BIS versus clinical signs: subgroup by type of anaesthetic, Outcome 1: Occurrence of
intraoperative awareness

Study or Subgroup

2.1.1 Propofol
Anez 2001
Ellerkmann 2010
Guo 2015
Kabukcu 2012
Karaca 2014
Kim 2003
Kreuer 2003
Luginbuhl 2003
Zhang 2011
Zhang 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.06 (P = 0.002)

2.1.2 Desflurane
Bruhn 2005
Kreuer 2005
Luginbuhl 2003
Recart 2003
Song 1997
Sudhakaran 2018
White 2004
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable

2.1.3 Isoflurane
Kamali 2017a
Mozafari 2014
Puri 2003
Wong 2002
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 7.69, df = 2 (P = 0.02); I² = 74%
Test for overall effect: Z = 1.35 (P = 0.18)

2.1.4 Sevoflurane
Assare 2002
Ibraheim 2008
Kamal 2009
Persec 2012
Rahul 2015
Song 1997
Zohar 2006
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% CI)
Total events:

BIS
Events

0
0
0
0
0
0
0
0
4
0

4

0
0
0
0
0
0
0

0

0
9
0
0

9

0
0
0
0
0
0
0

0

13

Total

20
27
20
35
41
19
40
40

2919
36

3197

71
40
40
30
15
21
20

237

107
163

14
29

313

20
15
29
20
80
15
25

204

3951

Clinical signs
Events

0
0
0
0
0
0
0
0

15
0

15

0
0
0
0
0
0
0

0

8
7
1
0

16

0
0
0
0
0
0
0

0

31

Total

19
27
20
35
41
20
40
40

2309
36

2587

71
40
40
30
15
21
20

237

107
170

16
31

324

20
15
28
20
80
15
25

203

3351

Weight

43.8%

43.8%

18.1%
35.8%

2.3%

56.2%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable

0.24 [0.10 , 0.60]
Not estimable

0.24 [0.10 , 0.60]

Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable

Not estimable

0.13 [0.03 , 0.52]
1.36 [0.50 , 3.70]
0.15 [0.00 , 7.80]

Not estimable
0.58 [0.26 , 1.28]

Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable

Not estimable

0.40 [0.22 , 0.72]

Peto Odds Ratio
Peto, Fixed, 95% CI
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Analysis 2.1.   (Continued)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 9.66, df = 3 (P = 0.02); I² = 69%
Test for overall effect: Z = 3.03 (P = 0.002)
Test for subgroup differences: Chi² = 1.97, df = 1 (P = 0.16), I² = 49.2%

13
3951

31
3351 100.0% 0.40 [0.22 , 0.72]

0.01 0.1 1 10 100
Favours BIS Favours clinical signs

 
 

Analysis 2.2.   Comparison 2: BIS versus clinical signs: subgroup
by type of anaesthetic, Outcome 2: Time to eye opening (minutes)

Study or Subgroup

2.2.1 propofol
Anez 2001
Ellerkmann 2010
Gan 1997
Karaca 2014
Khoshrang 2016
Kreuer 2003
Masuda 2002
Siampalioti 2015
Subtotal (95% CI)
Heterogeneity: Tau² = 5.06; Chi² = 61.20, df = 7 (P < 0.00001); I² = 89%
Test for overall effect: Z = 2.45 (P = 0.01)

2.2.2 desflurane
Bruhn 2005
Kreuer 2005
Recart 2003
White 2004
Subtotal (95% CI)
Heterogeneity: Tau² = 0.33; Chi² = 4.88, df = 3 (P = 0.18); I² = 38%
Test for overall effect: Z = 1.07 (P = 0.29)

2.2.3 isoflurane
Puri 2003
Shafiq 2012
Wong 2002
Subtotal (95% CI)
Heterogeneity: Tau² = 2.58; Chi² = 7.46, df = 2 (P = 0.02); I² = 73%
Test for overall effect: Z = 2.04 (P = 0.04)

2.2.4 sevoflurane
Başar 2003
Boztuğ 2006
Ibraheim 2008
Kamal 2009
Morimoto 2002
Nelskyla 2001
Savli 2005
Siampalioti 2015
Subtotal (95% CI)
Heterogeneity: Tau² = 1.82; Chi² = 40.96, df = 7 (P < 0.00001); I² = 83%
Test for overall effect: Z = 2.75 (P = 0.006)

Total (95% CI)
Heterogeneity: Tau² = 2.28; Chi² = 126.63, df = 22 (P < 0.00001); I² = 83%
Test for overall effect: Z = 4.54 (P < 0.00001)
Test for subgroup differences: Chi² = 4.70, df = 3 (P = 0.20), I² = 36.1%

Bispectral Index
Mean

4.63
6.8

6.25
2.56
8.85
3.5
8.1

3.76

5.9
4.2

6
7

18.5
6.96

4

8.25
4.6
6.8
4.1

3
5

3.8
14.21

SD

2.31
2.9

5.19
2.83
3.77
2.9
6.9
2.3

3.4
2.1

5
3

11.5
2.1
2.1

1.8
2.1

2.14
1.6

1
2

1.5
8.07

Total

20
27

115
41
48
40
20
25

336

71
40
30
20

161

14
30
29
73

30
24
15
29
21
32
20
25

196

766

Clinical Signs
Mean

8.7
7.3

9.52
1.78

11.25
9.3

10.9
3.46

5.6
4.7

8
9

28
10.1
4.9

8.59
7.8

8.66
4.4

6
5

7.3
13.06

SD

2.97
2.9

7.89
2.12
3.63
5.2
7.5

2.63

2.5
2.2

8
4

15
3

3.4

1.02
3.6

2.69
1.9

3
2

2.6
7.8

Total

19
27

125
41
48
40
19
25

344

71
40
30
20

161

16
30
31
77

30
23
15
28
25
30
20
25

196

778

Weight

4.5%
4.7%
4.5%
5.3%
4.8%
4.3%
1.8%
4.9%

34.9%

5.4%
5.4%
2.6%
3.9%

17.3%

0.5%
5.0%
4.9%

10.4%

5.6%
4.5%
4.5%
5.5%
5.1%
5.4%
5.0%
1.9%

37.4%

100.0%

Mean Difference
IV, Random, 95% CI

-4.07 [-5.75 , -2.39]
-0.50 [-2.05 , 1.05]

-3.27 [-4.95 , -1.59]
0.78 [-0.30 , 1.86]

-2.40 [-3.88 , -0.92]
-5.80 [-7.65 , -3.95]
-2.80 [-7.33 , 1.73]
0.30 [-1.07 , 1.67]

-2.13 [-3.82 , -0.43]

0.30 [-0.68 , 1.28]
-0.50 [-1.44 , 0.44]
-2.00 [-5.38 , 1.38]
-2.00 [-4.19 , 0.19]
-0.51 [-1.44 , 0.42]

-9.50 [-19.00 , 0.00]
-3.14 [-4.45 , -1.83]
-0.90 [-2.32 , 0.52]

-2.45 [-4.80 , -0.09]

-0.34 [-1.08 , 0.40]
-3.20 [-4.89 , -1.51]
-1.86 [-3.60 , -0.12]
-0.30 [-1.21 , 0.61]

-3.00 [-4.25 , -1.75]
0.00 [-1.00 , 1.00]

-3.50 [-4.82 , -2.18]
1.15 [-3.25 , 5.55]

-1.52 [-2.60 , -0.44]

-1.68 [-2.40 , -0.95]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours treatment Favours control
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Analysis 2.3.   Comparison 2: BIS versus clinical signs: subgroup
by type of anaesthetic, Outcome 3: Time to orientation (minutes)

Study or Subgroup

2.3.1 propofol
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Not applicable

2.3.2 desflurane
Song 1997
White 2004
Subtotal (95% CI)
Heterogeneity: Chi² = 0.29, df = 1 (P = 0.59); I² = 0%
Test for overall effect: Z = 3.12 (P = 0.002)

2.3.3 isoflurane
Wong 2002
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.04 (P = 0.002)

2.3.4 sevoflurane
Kamal 2009
Nelskyla 2001
Paventi 2001
Savli 2005
Song 1997
Subtotal (95% CI)
Heterogeneity: Chi² = 10.03, df = 4 (P = 0.04); I² = 60%
Test for overall effect: Z = 10.47 (P < 0.00001)

Total (95% CI)
Heterogeneity: Chi² = 10.92, df = 7 (P = 0.14); I² = 36%
Test for overall effect: Z = 11.32 (P < 0.00001)
Test for subgroup differences: Chi² = 0.61, df = 2 (P = 0.74), I² = 0%

Bispectral Index
Mean

8.4
7

9.5

7.4
6
6

5.8
10.2

SD

2.4
3

3.1

1.5
2

5.38
1.9
2.8

Total

0

15
20
35

29
29

29
32
45
20
15

141

205

Clinical Signs
Mean

10.5
10

13.1

11.2
8

11
10.1
13.2

SD

4.2
4

4

1.9
2

7.78
4.4

4

Total

0

15
20
35

15
15

28
30
45
20
15

138

188

Weight

5.0%
6.2%

11.2%

5.6%
5.6%

37.6%
30.1%
3.9%
6.8%
4.9%

83.2%

100.0%

Mean Difference
IV, Fixed, 95% CI

Not estimable

-2.10 [-4.55 , 0.35]
-3.00 [-5.19 , -0.81]
-2.60 [-4.23 , -0.97]

-3.60 [-5.92 , -1.28]
-3.60 [-5.92 , -1.28]

-3.80 [-4.69 , -2.91]
-2.00 [-3.00 , -1.00]
-5.00 [-7.76 , -2.24]
-4.30 [-6.40 , -2.20]
-3.00 [-5.47 , -0.53]
-3.20 [-3.80 , -2.60]

-3.15 [-3.70 , -2.61]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours treatment Favours control
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Analysis 2.4.   Comparison 2: BIS versus clinical signs: subgroup by type of
anaesthetic, Outcome 4: Time to discharge from the PACU stay (minutes)

Study or Subgroup

2.4.1 propofol
Alimian 2016
Anez 2001
Gan 1997
Masuda 2002
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.88, df = 3 (P = 0.60); I² = 0%
Test for overall effect: Z = 2.70 (P = 0.007)

2.4.2 desflurane
Bruhn 2005
Recart 2003
Song 1997
White 2004
Subtotal (95% CI)
Heterogeneity: Tau² = 159.65; Chi² = 25.99, df = 3 (P < 0.00001); I² = 88%
Test for overall effect: Z = 1.95 (P = 0.05)

2.4.3 isoflurane
Wong 2002
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.36 (P = 0.17)

2.4.4 sevoflurane
Boztuğ 2006
Kamal 2009
Morimoto 2002
Song 1997
Zohar 2006
Subtotal (95% CI)
Heterogeneity: Tau² = 54.74; Chi² = 23.43, df = 4 (P = 0.0001); I² = 83%
Test for overall effect: Z = 1.60 (P = 0.11)

Total (95% CI)
Heterogeneity: Tau² = 44.91; Chi² = 57.54, df = 13 (P < 0.00001); I² = 77%
Test for overall effect: Z = 2.77 (P = 0.006)
Test for subgroup differences: Chi² = 2.01, df = 3 (P = 0.57), I² = 0%

Bispectral Index
Mean

49.35
50.05

31.7
22.3

31.9
80
35

116

111

26
53.9

16
37
37

SD

21.25
22.7

20.13
12.6

15.8
47

8
38

30

11
14.7

4
10
18

Total

40
20

115
20

195

71
30
15
20

136

29
29

24
29
21
15
25

114

474

Clinical Signs
Mean

51.95
49.26
37.78

30.6

29.7
108

37
185

125

29
78.6

23
35
35

SD

27.9
14.32

23.5
12.5

12.7
58

9
56

48

16
21.5

6
8

22

Total

40
19

125
19

203

71
30
15
20

136

31
31

23
28
25
15
25

116

486

Weight

6.7%
6.2%
9.6%
8.3%

30.9%

10.0%
2.2%
9.3%
1.9%

23.4%

3.4%
3.4%

8.3%
7.4%

10.8%
9.1%
6.6%

42.2%

100.0%

Mean Difference
IV, Random, 95% CI

-2.60 [-13.47 , 8.27]
0.79 [-11.06 , 12.64]
-6.08 [-11.60 , -0.56]
-8.30 [-16.18 , -0.42]

-5.42 [-9.36 , -1.48]

2.20 [-2.52 , 6.92]
-28.00 [-54.71 , -1.29]

-2.00 [-8.09 , 4.09]
-69.00 [-98.66 , -39.34]

-14.76 [-29.61 , 0.09]

-14.00 [-34.12 , 6.12]
-14.00 [-34.12 , 6.12]

-3.00 [-10.88 , 4.88]
-24.70 [-34.29 , -15.11]

-7.00 [-9.91 , -4.09]
2.00 [-4.48 , 8.48]

2.00 [-9.14 , 13.14]
-5.99 [-13.34 , 1.36]

-6.26 [-10.68 , -1.84]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours treatment Favours control

 
 

Comparison 3.   BIS versus ETAG

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Occurrence of intraoperative
awareness

5 26572 Peto Odds Ratio (Peto, Fixed,
95% CI)

1.13 [0.56, 2.26]
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Analysis 3.1.   Comparison 3: BIS versus ETAG, Outcome 1: Occurrence of intraoperative awareness

Study or Subgroup

Avidan 2008
Avidan 2011
Mashour 2012
Muralidhar 2008
Sudhakaran 2018

Total (95% CI)
Total events:
Heterogeneity: Chi² = 3.15, df = 2 (P = 0.21); I² = 37%
Test for overall effect: Z = 0.34 (P = 0.73)
Test for subgroup differences: Not applicable

BIS
Events

2
7
8
0
0

17

Total

967
2861
9460

20
21

13329

ETAG
Events

2
2

11
0
0

15

Total

974
2852
9376

20
21

13243

Weight

12.5%
28.1%
59.4%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

1.01 [0.14 , 7.16]
3.03 [0.82 , 11.21]
0.72 [0.29 , 1.78]

Not estimable
Not estimable

1.13 [0.56 , 2.26]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.01 0.1 1 10 100
Favours BIS Favours ETAG

 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

#1 MeSH descriptor: [Electroencephalography] explode all trees

#2 MeSH descriptor: [Monitoring, Physiologic] explode all trees

#3 MeSH descriptor: [Monitoring, Intraoperative] explode all trees

#4 ((intraoperat* or perioperat* or peroperat* or intra-operat* or peri-operat* or per-operat*) NEAR monitor*)

#5 (BIS or bispectral*)

#6 (electroencephalogra* or "electro encephalogra*" or electrocorticograph* or "electro corticograph*" or eeg*)

#7 #1 or #2 or #3 or #4 or #5 or #6

#8 MeSH descriptor: [Anesthesia and Analgesia] explode all trees

#9 MeSH descriptor: [Anesthesia] explode all trees

#10 MeSH descriptor: [Anesthetics, General] explode all trees

#11 MeSH descriptor: [Anesthesia, General] explode all trees

#12 anaesth* or anesth*

#13 #8 or #9 or #10 or #11 or #12

#14 #7 and #13

#15 #14 in Trials

Appendix 2. MEDLINE (Ovid SP) search strategy

1 exp Electroencephalography/

2 monitoring, physiologic/

3 exp monitoring, intraoperative/

4 ((intraoperat* or perioperat* or peroperat* or intra operat* or peri operat* or per operat*) adj10 monitor*).mp.

5 (BIS or bispectral*).mp.
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6 (electroencephalogra* or electro encephalogra* or electrocorticograph* or electro corticograph* or eeg*).mp.

7 1 or 2 or 3 or 4 or 5 or 6

8 "Anesthesia and Analgesia"/

9 exp Anesthesia/

10 exp Anesthetics, General/

11 exp Anesthesia, General/

12 an?esth*.mp.

13 8 or 9 or 10 or 11 or 12

14 7 and 13

15 ((randomized controlled trial or controlled clinical trial).pt. or random*.ab. or placebo.ab. or drug therapy.fs. or trial.ab. or groups.ab.
or clinical trials as topic.sh. or random allocation.sh.) not (exp animals/ not humans.sh.)

16 14 and 15

Appendix 3. Embase (Ovid SP) search strategy

1 exp electroencephalography/

2 exp physiologic monitoring/

3 exp intraoperative monitoring/

4 ((intraoperat* or perioperat* or peroperat* or intra operat* or peri operat* or per operat*) adj10 monitor*).mp.

5 (BIS or bispectral*).mp.

6 (electroencephalogra* or electro encephalogra* or electrocorticograph* or electro corticograph* or eeg*).mp.

7 1 or 2 or 3 or 4 or 5 or 6

8 exp anesthesia/

9 exp general anesthesia/

10 exp anesthetic agent/

11 an?esth*.mp.

12 8 or 9 or 10 or 11

13 7 and 12

14 (randomized controlled trial/ or randomization/ or placebo/ or crossover procedure/ or double blind procedure/ or single blind
procedure/ or (crossover* or cross over*).ti,ab. or ((singl* or doubl* or trebl* or tripl*) adj (blind* or mask*)).ti,ab. or (controlled adj3 (study
or design or trial)).ti,ab. or (placebo* or allocat* or trial* or random* or groups).ti,ab.) not ((exp animal/ or animal.hw. or nonhuman/) not
(exp human/ or human cell/ or (human or humans).ti,ab.))

15 13 and 14

Appendix 4. Web of Science search strategy

#1 TS=((intraoperat* or perioperat* or peroperat* or "intra operat*" or "peri operat*" or "per operat*") NEAR/10 monitor*) Indexes=SCI-
EXPANDED, CPCI-S, ESCI Timespan=All years

#2 TS=(BIS or bispectral*) Indexes=SCI-EXPANDED, CPCI-S, ESCI Timespan=All years

#3 TS=(electroencephalogra* or "electro encephalogra*" or electrocorticograph* or "electro corticograph*" or eeg*) Indexes=SCI-
EXPANDED, CPCI-S, ESCI Timespan=All years

#4 #3 OR #2 OR #1 Indexes=SCI-EXPANDED, CPCI-S, ESCI Timespan=All years
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#5 TS=(anaesth* or anesth*) Indexes=SCI-EXPANDED, CPCI-S, ESCI Timespan=All years

#6 #5 AND #4 Indexes=SCI-EXPANDED, CPCI-S, ESCI Timespan=All years

#7 TS=((controlled OR clinical OR comparative) NEAR/3 (trial* or stud*)) OR TS=random* OR TS=placebo* OR TS=((single or double or triple
or treble) NEAR/3 (mask* or blind*)) OR TS=multicenter OR TS=(crossover OR cross-over) Indexes=SCI-EXPANDED, CPCI-S, ESCI Timespan=All
years

#8 #7 AND #6 Indexes=SCI-EXPANDED, CPCI-S, ESCI Timespan=All years

Appendix 5. Data extraction form

 

Completed by:  

Date:  

Study ID  

Methods  

Participants Total number of randomized participants:

Country:

Setting:

Inclusion criteria:

Exclusion criteria:

Type of surgery:

Overall duration of anaesthesia, if reported:

Experience of anaesthetist (in years or qualifications):

Baseline characteristics

Intervention group (BIS)

• Age, mean (SD):

• Gender, M/F:

• BMI, mean (SD):

• Weight, mean (SD):

• Height, mean (SD):

• ASA status (or other illness severity score):

• Duration of anaesthesia:

Comparison group

• Age, mean (SD):

• Gender, M/F:

• BMI, mean (SD):

• Weight, mean (SD):

• Height, mean (SD):

• ASA status (or other illness severity score):

• Duration of anaesthesia:

Interventions Intervention group (BIS)
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• Randomized, n = ; losses = ; analysed, n =

• Details (e.g. type of anaesthetic for induction and maintenance; BIS target values; use of neuro-
muscular blocking agents; use of LMA):

• Management of inadequate anaesthesia (e.g. use of narcotics – fentanyl, sufentanil, remifentanil,
or alfentanil; use of other agents – beta-blockers, antihypertensives; use of lidocaine)

Comparison group

• Randomized, n = ; losses = ; analysed, n =

• Details (as above; include depth of anaesthesia – e.g MAC):

Outcomes Outcomes measured/reported by study authors:

Outcomes relevant to the review:

Notes Funding/declarations of interest:

Study dates:

Notes:

  (Continued)

 
Outcome data

 

Name of outcome:  

Time point of measurement:  

Intervention group

Number of events Total number of participants in the group

   

Control group

Number of events Total number of participants in the group

   

 

 
 

Name of outcome: Length of stay

Intervention group

Mean SD Total number of participants in the group

     

Control group

Mean SD Total number of participants in the group
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  (Continued)

 
'Risk of bias' table

 

Domain High/Low/

Unclear

Judgement

Random sequence generation (selection bias)    

Allocation concealment

(selection bias)

   

Blinding of participants and personnel (performance bias)    

Blinding of outcome assessors (detection bias)    

Incomplete outcome data (attrition bias)    

Selective reporting

(reporting bias)

   

Other bias    

 

 
                                         

Appendix 6. Factors that increase the risk of intraoperative awareness

 

Factors that increase the risk
of interoperative awareness
(NAP5 2014)

Study ID

Female gender Kamali 2017a; Luginbuhl 2003; Nelskyla 2001; Savli 2005; Song 1997; White 2004

Obesity Ibraheim 2008; Siampalioti 2015

Type of surgery Obstetric: Kamali 2017a; Luginbuhl 2003; Nelskyla 2001; Savli 2005; Song 1997; White 2004

Cardiac: Kabukcu 2012; Kim 2003; Muralidhar 2008; Puri 2003

Neurosurgery: Boztuğ 2006; Karaca 2014;

Neuromuscular blockade Ahmad 2003; Alimian 2016; Anez 2001; Boztuğ 2006; Fakhr 2014; Georgakis 2000; Guo 2015; Ibra-
heim 2008; Jain 2016; Kamal 2009; Kamali 2017a; Karaca 2014; Khoshrang 2016; Kim 2003; Lugin-
buhl 2003; Nelskyla 2001; Paventi 2001; Payas 2013; Persec 2012; Puri 2003; Raksakietisak 2016; Re-
cart 2003; Shafiq 2012; Siampalioti 2015; Song 1997; Sudhakaran 2018; Tufano 2000; White 2004;
Wong 2002; Zhang 2016

 

 

Bispectral index for improving intraoperative awareness and early postoperative recovery in adults (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

131



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Appendix 7. Sensitivity analysis on statistical models: occurrence of intraoperative awareness

 

BIS versus clinical signs

Statistical tool Effect estimate using fixed-effect model Effect estimate using random-effects
model

Peto OR (9765 partici-
pants)

0.36, 95% CI 0.21 to 0.60; I2 = 61% n/a

RR, M-H (9765 partici-
pants)

0.35, 95% CI 0.20 to 0.62; I2 = 62% 0.32, 95% CI 0.10 to 1.01; I2 = 62%

RR, IV (9765 partici-
pants)

0.43, 95% CI 0.23 to 0.80; I2 = 60% 0.32, 95% CI 0.10 to 1.00; I2 = 60%

BIS versus ETAG

Statistical tool Effect estimate using fixed-effect model Effect estimate using random-effects
model

Peto OR 1.13, 95% CI 0.56 to 2.26; I2 = 37% n/a

RR, M-H 1.13, 95% CI 0.56 to 2.26; I2 = 32% 1.19, 95% CI 0.45 to 3.14; I2 = 32%

RR, IV 1.06, 95% CI 0.51 to 2.21; I2 = 31% 1.19, 95% CI 0.45 to 3.11; I2 = 31%

 

 
CI: confidence interval; IV: inverse variance; M-H: Mantel-Haenszel; OR: odds ratio; RR: risk ratio

W H A T ' S   N E W

 

Date Event Description

2 July 2020 Amended Number of participants for the outcome 'Time to discharge from
PACU' corrected in Summary of findings table 2 and Abstract.

 

H I S T O R Y

Protocol first published: Issue 4, 2002
Review first published: Issue 4, 2007

 

Date Event Description

20 September 2019 New citation required but conclusions
have not changed

We updated the review and made the following amendments.

• Title: we changed the title to better reflect the review objec-
tives.

• Review authors: we added three authors (SL, MP, LF) and re-
moved two authors (Aram Phongchiewboon and Nutchanart
Bunchungmongkoi)
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Date Event Description

• Objectives: we changed the objectives to reflect changes to the
outcomes.

• Types of interventions: we only included studies in which inves-
tigators aimed to evaluate the effectiveness of bispectral index
(BIS) for its role in monitoring intraoperative depth of anaes-
thesia or potential improvements in early recovery times from
anaesthesia.

• Types of outcome measures: we reduced the number of out-
comes to improve the usability of the review. We selected out-
comes that directly measured the effects of BIS-guided anaes-
thesia on intraoperative awareness and on early postoperative
recovery, and we limited the recovery outcomes to time to: eye
opening; orientation; and discharge from the postanaesthesia
care unit (PACU).

• Search methods and data extraction: we conducted a search
for new studies. We used the same search strategies but used
alternative platforms to search the databases. We used Cov-
idence software to manage search results and an alternative
data extraction template form. We edited the previous 'Risk of
bias' assessments and used the standard template for these
decisions.

• Data and analysis: we analysed the data as two comparisons
(BIS versus clinical signs; and BIS versus end-tidal anaesthetic
gas (ETAG)). We reported our methods and findings, and 'Sum-
mary of findings' tables according to these comparison groups.

• The conclusions of the review remain unchanged.

20 September 2019 New search has been performed • We conducted a search for new studies

• We excluded five studies previously included because they did
not match the aim of this review. We included 22 new studies.

30 June 2018 Amended We corrected a typo in 'what's new' section (the following line:
'the result of our updated review published in 2014 seems con-
tradictory to the result in a recent review published in 2016 by
Messina et al' was repeated.

11 September 2017 Amended We made the following corrections to the published review:

• We added a new paragraph to Measures of treatment effect
“We used SMD to determine the overall effect of the BIS on
requirements of the three volatile anaesthetics (desflurane,
isoflurane, and sevoflurane) and expressed it as standardized
mean difference of minimal alveolar concentration equivalents
(MAC SMD equivalents). We interpreted the SMD as follows: 0.2
represents a small effect, 0.5 a moderate effect, and 0.8 a large
effect.”(Higgins 2011)

• We changed paragraph seven, (sub heading Requirement of
anaesthetics) Effects of interventions ' to read 'The combined
results for all volatile anaesthetics from 14 studies with a to-
tal of 985 participants demonstrated a significant effect of BIS
monitoring in reducing the use of volatile anaesthetics, with
an overall decrease of 0.65 MAC SMD equivalents (985 partici-

pants; 95% CI -1.01 to -0.28; I2 = 86%) (Analysis 5.2). The require-
ment for sevoflurane was decreased by 0.52 MAC SMD equiva-

lents (573 participants; 95% CI -0.87 to -0.18; I2 = 74%). The MAC
equivalent reduction for sevoflurane was -0.15, 95% CI (-0.25
to -0.05).The requirement for desflurane was decreased by 1.02

MAC SMD equivalents (352 participants; 95% CI -2.03 to -0.10; I2
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Date Event Description

= 94%). The MAC equivalent reduction for desflurane was -0.11
to 95% CI (-0.25 to-0.03).'

• We added a new reference (Messina 2016)

• We added a new paragraph to Agreements and disagreements
with other studies or reviews: the result of our updated review
published in 2014 seems contradictory to the result in a recent
review published in 2016 by Messina et al (Messina 2016), re-
garding the effect of BIS-guided anaesthesia on the risk of in-
traoperative recall awareness. This could be explained by the
differences between the two reviews. Our review focused only
on studies which were conducted in surgical patients at a high
risk of intraoperative recall awareness. Whereas Messina 2016,
included studies with mixed groups of surgical patients (with or
without risk of intraoperative recall awareness). Furthermore,
our review performed sub-group analyses based on studies us-
ing clinical signs or ETAG as their anaesthetic guide in the stan-
dard practice group. While Messina 2016, included all studies
regardless as to whether they used clinical signs or ETAG as
an anaesthetics guide in the standard practice group. The re-
sult favouring BIS monitoring for definite awareness could on-
ly be demonstrated in our sub-group analysis, where clinical
signs were used as an anaesthetic guide in the standard prac-
tice group.

• In addition, we reran the search on 27 February 2017. We iden-
tified 14 new studies of interest. These 14 studies of interest are
not fully incorporated into the results of the review. There are
now 17 studies awaiting classification. They will be dealt with
when we update the review.

10 June 2014 New citation required and conclusions
have changed

• The additional included studies changed the outcome and
conclusion regarding intraoperative recall awareness to: "BIS-
guided anaesthesia can reduce the risk of intraoperative recall
in surgical patients with high risk of awareness in studies us-
ing clinical signs as a guide to anaesthetic practice. BIS-guided
anaesthesia and ETAG-guided anaesthesia may be equivalent
in protection against intraoperative recall awareness. In addi-
tion, anaesthesia guided by the BIS within the recommended
range does improve anaesthetic delivery and postoperative re-
covery from relatively deep anaesthesia".

• We categorized the control or standard practice group into two
subgroups: clinical signs-guided anaesthesia (CS group) and
end tidal anaesthetic gas-guided anaesthesia (ETAG group).

• We have removed Mayer 2007 from the list of included studies
and given the reason for exclusion of this study,

10 June 2014 New search has been performed • We re-ran the searches from May 2009 to January 2013. We
found six new trials (Avidan 2011; Ballard 2012; Kabukcu 2012a;
Mashour 2012; Qu 2011; Zhang 2011). Of those six trials, we in-
cluded three randomized controlled trials in this update (Avi-
dan 2011; Mashour 2012; Zhang 2011) and excluded one tri-
al (Ballard 2012). Two trials (Kabukcu 2012a; Qu 2011) are still
awaiting assessment.

• We included one study (Samarkandi 2004a) in this updated re-
view which previously was 'awaiting assessment'.

• In total, this updated review now contains 36 included and 19
excluded studies.
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Date Event Description

3 May 2009 New search has been performed • We re-ran the searches from May 2007 until May 2009. We found
14 new trials (Aime 2006; Akcali 2008; Aksun 2007; Avidan 2008;
Chiu 2007; Ibraheim 2008; Mayer 2007; Muralidhar 2008; Zohar
2006; Leslie 2005b; Lindholm 2008; Pavlin 2005; Schulz 2007;
VedtoNe 2007). Of those 14 trials we included seven random-
ized controlled trials in this update (Aime 2006; Avidan 2008;
Chiu 2007; Ibraheim 2008; Mayer 2007; Muralidhar 2008; Zohar
2006) and excluded six trials (Akcali 2008; Leslie 2005b; Lind-
holm 2008; Pavlin 2005; Schulz 2007; VedtoNe 2007); One trial
(Aksun 2007) is still awaiting assessment.

• We included four studies (Boztug 2006; Bruhn 2005; Kreuer
2005; Leslie 2005a) awaiting assessment in the first publication
in this updated review.

• In total, this review now contains 31 included and 17 excluded
studies.

• The additional included studies did not change the conclusions
of this review

• We added five new references to the additional references
(Gonsowski 1995; Higgins 2008; Hozo 2005; Liu 2004; RevMan
5.0).

• One previous reference (Leslie 2005) was modified to Leslie
2005a.For studies reporting medians and ranges or interquar-
tile ranges (IQR) (Paventi 2001; Struys 2001; Tufano 2000), we
recalculated standard deviations (SD) by using the following
formulas:SD = IQR/1.35; SD = range /4 (for n < 70); or SD =
range/6 (for n > 70).We used the Peto method for computing OR
(95% CI) in this updated review.These changes did not affect
the conclusions of the review.We included risk of bias and sum-
mary of findings tables in this updated version.We included a
new plain language summary.
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Sharon Lewis (SL), Michael Pritchard (MP), Lizzy Fawcett (LF), Yodying Punjasawadwong (YP)

Conceiving of the review: YP

Co-ordinating the review: SL

Undertaking manual searches: SL, Janne Vendt (Information Specialist, Cochrane Anaesthesia Review Group)

Screening search results: SL, MP, LF

Organizing retrieval of papers: SL, LF, MP

Screening retrieved papers against inclusion criteria: SL, LF, MP

Appraising quality of papers: SL, LF, MP

Abstracting data from papers: SL, MP, LF

Managing data for the review: SL

Entering data into Review Manager 5 (Review Manager 2014): SL, MP, LF

Analysing RevMan statistical data: SL
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Interpreting data: SL, LF, MP, YP

Making statistical inferences: SL, YP

Writing the review: SL

Securing funding for the review: Cochrane Anaesthesia Review Group

Taking responsibility for reading and checking the review before submission: SL
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Di9erences between the previous review and the updated review

• Title: we changed the title of review because it did not suIiciently describe the review objectives in relation to the primary outcome
(intraoperative awareness) and the changes that we made to the outcomes (see below).

• Review authors: we added three new authors (Sharon Lewis, Michael Pritchard, and Lizzy Fawcett), and we removed two authors who
did not wish to be included in the current update (Aram Phongchiewboon and Nutchanart Bunchungmongkoi).

• Objectives: we changed the objectives to reflect the changes that we made to the outcomes (see below).

• Types of studies: we specified that we did not include studies with publications that were retracted from journals. We excluded abstracts
with limited information that were published prior to 2005.

• Types of interventions: we included only studies in which investigators aimed to evaluate the eIectiveness of BIS for its role in
monitoring intraoperative depth of anaesthesia or potential improvements in early recovery times from anaesthesia. The BIS scale is
based on a measure of electrical brain activity and some studies sought to use the BIS monitor for purposes other than the objective of
this review, for example to reduce the risk of postoperative cognitive dysfunction. However, in this updated review, we did not excluded
studies that did not measure or report review outcomes. For clarity in this section, we specified that the review included two comparison
groups.

• Types of outcome measures: we re-evaluated the previous review outcomes. In order to improve the usability, manageability, and
focus of the review (Methodological Expectation of Cochrane Intervention Reviews), we reduced the number of outcomes. We removed
the measure of the consumption of anaesthetics and other drugs, and the measure of cost. We believed that these proxy measures
were less important considerations to the anaesthetist, whose aim is to provide a good quality anaesthetic with an appropriate depth
of anaesthesia without risk of intraoperative awareness and that provides optimum early recovery. The previous review included six
measurements of early recovery (time to: eye opening, response to verbal command, extubation, orientation, discharge from the PACU,
and readiness to home discharge). To improve usability we included only the time to eye opening, the time to orientation, and the time
to discharge from the PACU. In addition, we provided clarity on the type of data collected for the occurrence of intraoperative awareness.

• Search methods: although we used the same databases for searches, we used diIerent search platforms which were more readily
available.

• Selection of studies: we used Covidence soNware to (Covidence) to manage the results of the searches. We re-evaluated all studies
included in previous versions of the review against the updated criteria. We noted that one study (previously called Leslie 2005a) was
an associated report of Myles 2004and we merged these studies to avoid double counting participants. In addition, we excluded five
studies which no longer met the review criteria (Aimé 2006; Chiu 2007; Hachero 2001; Samarkandi 2004; Struys 2001).

• Data extraction and management: we used an amended template for collecting data which was more familiar to the new review
authors who were responsible for data extraction in this review. In order to improve transparency, we added additional detail to
the tables in Characteristics of included studies, and we created a summary table of factors that increased the risk of intraoperative
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awareness (Appendix 6). We did not include a summary table of anaesthetic practices in each study; we provided this information in
the Characteristics of included studies.

• Assessment of risk of bias in included studies: we altered the domains in which risk of bias decisions were previously assessed, in order
to use the current standard risk of bias domains. We re-evaluated risk of bias judgements in the previously included studies to ensure
a consistent decision-making process for previously included and new included studies; we made judgements which were based on
recommendations in Higgins 2011.

• Dealing with missing data: we did not perform intention-to-treat analysis in the review. We re-evaluated the decision to re-calculate
median value data because we believed that these re-calculations may not provide a true value owing to the potential of skewed data;
therefore, we did not include outcome data for recovery times in analysis for three studies (Myles 2004; Paventi 2001;Tufano 2000).

• Assessment of reporting bias: we assessed risk of reporting bias against published protocols or clinical trial register documents, and
specified that we only assessed funnel plots for risk of reporting bias for outcomes in which we had more than 10 studies.

• Subgroup analyses: we conducted subgroup analyses only on the maintenance type of anaesthesia. Rather than using subgroup
analysis to distinguish between comparisons of clinical signs and ETAG, we treated these as separate comparisons in the review.

• Sensitivity analysis: we did not perform sensitivity analysis on missing data using best- and worst-case scenarios. We made a post-
hoc decision to re-analyse the data for intraoperative awareness using diIerent statistical methods; this accounted for the evidence
including many studies with zero events in both arms, and the rate of rare events.

• 'Summary of findings' table and GRADE: we added detail to the Methods section to describe the use of GRADE in the review

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Anesthesia Recovery Period;  *Anesthesia, General;  Anesthetics  [*administration & dosage];  Electroencephalography;  *Intraoperative
Awareness  [prevention & control];  Monitoring, Intraoperative  [*methods];  Postoperative Period;  Randomized Controlled Trials as
Topic

MeSH check words

Humans
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